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A Vveling & Porter, Ltd., Yarrow & Co., Ltd., J ohn Bellany, imited, les Limited, 
eee sani Se ROIRESRS, uiitwats. LONDot, & ine | FEED wees. eam, MANCHESTER. 
and 12, CAxwow Sager, Loxpox. PADDLE OR SCREW STEAMBES OF GuxknAL OomsravoriowAL BROITEERS, Lg MyM =.) vasenes 
STEAM ROLLERS. ROAD LOCOMOTIVES. EXcePrionaL SHaLtow Draveur. Boilers, Tanks & Mooring Buoys 8ST . # 3 h. ent TWIN OUHAl s 


STBAM CULTIVATING MACHINERY, 
STEAM WAGONS. TRACTORS. 
CEMENT- MAKING MACHINERY. 6808 


A. (¥. Mumord, L{@ 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY anD Wak OFrrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOLLER FEED PUMPS. 

See Advertisement, page 33. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
Admiralty. 217 
1 
enry Butcher & Co 


VALUEKS axp AUCTIONEERS 
to the 
ENGINEERBRING, FOUNDRY, & METAL TRADES, 
ALSO FOR 
PLANT axnpy MACHINERY. 

68 and 64, CHANCERY LANRE, W.C. 2. 
ranes.—Eleetric, Steam, 

HYDRAULIC and HAND. 


of all Wa a en. 
GRBORGE RUSSBHLL & CO., 
Motherwell, near Glasgow. 264 
STEKL TANKS, PIPBS, GASHOLDERS, &c. 


I[rhos. Piggott & Co , Limited, 


BIRMINGHAM. 74.0 
See Advertisement last week, page 131. 


Pp lenty an d 
LimiTep. 

MARINE BNGINEERS, &c. 
fiank Locomotives 
Specification and Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & CO., Lep., 


6398 


Lrp., 
7 








on, 


Newsury, Breianp. 


__BNGOIVEERs, NewoasrLeon-Trwe. 7260 

a l 3 earings 
Alwa: Large Sizes. 
BLA STOUK BALL BEARING xy 
London Office :—304, High Holborn, W.C. 1 

For Linea Advertisement, see page 7. "7356 





Fo ri ligh-class Castings in 


ate hor and MenepnteySyenes, 

White Metal and other Alloys, up.te 3 cwts 
JOHN CLIFFE, Chemist and General Founder, 
== t Brook S 1127 


Street, Birmingham. 
” Patent 








HS oo. te Mad 

|S. H, Heywood & Oo., Ltd., 

, : REDDISH. 7182 

| ____ BLECTRIC TRANSPORTERS. __ 

| Fruller, Ho Horsey,Sons & Cassell, 
SPECIALISTS 

SALE AND VALUATION 

PLANT AND MACHINERY 1834 

| 


“Spencer- Ff opw 
Sole Makers: Boilers. 
w. Sates oO co, anna enn” 
[2vincible : jauge ( Ron 


BUTTERWORTH BROS, Lid., 
Newton Heath Glass Works, 








ENGINEERING WORKS. 
il, BILLITER SQUARE, gE. c. 3. 


(['ubes and ees 


The Scottish Tube Co., Lid, 


Heap Orrior : 34, Robertson Street, Glasgow. 


Repairs on Pacific Coast 
by YARROWS, ye Shien Victoria, —_ 
’ 76 
SHIPBUILDERS, SHIP Rerarmens AND ENGINEERS. 


(Sampbells & Heer, L4. 


Gear Cutting. 


Worm Wheels.cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 





4547 


 X oatn: Launches, or Barges, 


Built complete with Steam, Oil a Petrol 
Motors, ; or Machinery supplied. id 356) 


VOSPER & CO., Lrp., Broap Street, sesame 








FoR 
Drop Forgings 
GARTSHERRIE ENGINEERING & FORGE CO., 
50, Wellington Street. Glasgow. 6961 





IL FURL APPLIANCES. 
Systems 


O Pressure, Arr, STEAM. 


For Boilers of ali types. 

KERMODES LIMITED, 

35, The Temple, Dale Street, 
Liverpool ; and 

109, Fenchurch St., 

Nav al Outfits a 


London. 
Speciality. 


4078 





ocomotives Tank Engines 
esigned = comet S 

MANNING, “WARDLE COMPANY, Limtren, 

Boyne ye Works Leeds. Od 2487 

See their Illus, Advertisement, page 139, last week. 





MULTITUBULAR AND 

(Cochran OROSS-TUBE TYPHS. 
Bowlers. 

See page 129. 7263 





RAILWAY AND TRAMWAY ROLLING STOCK. 


Ht. Nelson & Co. Le 


Tue Giaseow Romaine Stock anp PLanr Woks, 
MorTrHERWELL, Od 3383 





Hey Wels QO (Co: 
ll, HAYMARKET, 
London, 8.W. 1. 


Ad Aptol sf L_pbricantes. 





Works: SALFORD, Maycuesree. 7184 
os H Heywood & Co., Litd., 
r ‘ REDDISH. 7182 


BLECTRIC LIFTS ( (UP TO 35 TONS), 


ryihe Glasgow Railway 
Engineerin ng Company, 
GOVAN, GLAS Lrp., 
London Office—12, Victoria Street, S.W. 
MANUFACTURERS OF 
RAILWAY CARRIAGE, WAGON & TRAMWAY 
S & AXLES 


WHEEL XLES. 
CARRIAGE & WAGON IRONWORK, also 
_CAST-STEEL AXLE BOXES. 


N ew Chicago Automatics, 
Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1} in. through the wire feed. 


7312 


JOHN MACNAB, Many Srazet, Hype. 





See Advertisement page 99, Feb. #1. 








i_,,_. 


Sritts, Perrot Tanks, AIR RECEIVERS, STEEL 
CHIMNEYS, RIVETED STEAM AND VENTILATING PIPES, 
Hoppers, Speciat Work, REPAIRS OF ALL KINDS. 


SYPHONIASTHAMTRAPS REDU SEDI CIRa Aiea 
High-class GUNMETAL STEAM FITTINGS, 
ATER SOFTENING and PILTERING. $723 








ria bes and 


Fittings. 


Stewarts and Lords, L 


Glasgow and Birmingham. 


See Advertisement page 18. 7268 
UFACTURERS- 
R® bber Pig: 


Suction 


Hose na Fire. 


GUTTA PEROHA & eqn = LIMITED, 


Toronto 
C Oecz ven 


6702 





Plents DI-OXIDE 


for Chemical Wks., Mineral Water Mfrs., Breweries, 
and all other pu: a ‘Reap & CAMPBELL, Lta., 
109, Victories St., - 1 (“ Valorem, London.”). 


ie ie Finished (a (\astings 


by eliminati em 
me cost nat * 
Write forltuteations te Asavons La tors Lrp., itiminton, 


J 








ON A ADMIRALTY Lit LisT, 


ohn Kirkaldy, Ltd., 


London Office: 101, LzapEnHAtt Sr., B.C. 3. 
Works: Burr MIL, — Harwow, Hasex. 


Makers 
Brapereting and Distillin, Plants. 
a and Ice Making Machinery. 
eaters. 

geet Water Filters. 

orators. 
Fresh Water Distillers. 
Main Feed pean. 

Combined Circu ting aon _ Pumps. 





Auxiliary Surface 
aos 6846 
ement. —Maxted & Knott, 
Ce: Bngineers, 
GENERALLY on Ly om artooset Oe ingore, ADVISE 


a 
ENGLAND AND ABROAD. ADVI CE ONLY. 
Highest references. Established 1890. 


Address, BunNETT Avenvrz, Huu. 





Cablegrams: “ En , Hull.” __ 620 
CHANTINNS & ATELIBRS 
ugustin - ormand 


67, rue de Perrey—LE HAVRE 
(France). 








troyers, Yachts and Fast Boats. 
Submarine and Submersible Boats 
seme Patent ba em Boilers, Coal or Ol! 
ting. Diesel Oil Engines. 

S. H Heywood & Co., Ltd., 

REDDISH. 7182 
ELECTRIC CRANES. 
L C. Harve y, 

. ADVISORY ENGINEER. 7355 


AMERICAN PULVERIZED OOAL SYSTEMS. 
Wanees Doetin Tetiee and Heat Treatment). 
Practical Pyrom: A OO, Recorders. 


COMBUSTION AND FUEL BCONOMY. 
Offices: 25, pager a Street, London, 8.W. 1. 
Address: 


Tele. FUELECON, "Phone, London.” 
R Y. Pickering & Co., Ltd., 
. (EsTaBLisHED 1864 
SULLDaNGe uasL Wax cammaauseWadine. 
MAKERS of WHEELS and AXLBS of all kinds. 
RAILWAY WAGONS FOR HIRB. - 
Chief Works and Offices : 
WISHAW, near GLASGOW. 








Tel. No.: 718 Hyde. 6874 


Yarrow Patent 


ater-tube oilers. 


6877 
Messrs. YARROW & CO., UNDERTAKE the 
PRESSING and MACHINING of the various 
eof Yarrow Boilers, such as the Steam Drums. 
Pockets, and Superheaters for British and a Porelgn 
Firms not havi ag? necessary tecthte. soot, 





YARROW & CO., Lrp., ux, G 
Matthew ‘paul & CO» ‘Lt 
ives Works, 6054 


Fo Ful Il Page Advt., page 78, “hy os aes 2 ot 
gings. 
Walter Gomers & Co., Ltd., 





HALESOWEN. 5b49 
H==2 Weetioon & Qe, 
LIMITED. 


See Advertisement page 52, Feb. 14. 


[aylor & (jhellen 


Presses. zx 


TAYLOR &CHALLEN, Lo., Bugineers, BmumnenaM 
Bee Full rage Advertisement Feb. 7. 





ailway 
G witches and 


C rossings. 


T. SUMMBRSON & SONS, LIMITED, 
pe ay DaRLIneTon, Lr iy 6074 
\as and Uil Engine , 
—B. J. DAVIS & OO., Great Hastern Read, 
Stratford, B. 15. 

Tel. : 736 and 787 Stratford. 

Gram.: a. London. _ 

ig i 


ibe I iperial Engineering 
, eee undertakes Prat = 
ES RAL SA dt of STRUCTURAL 
MBCHANICAL Wi 

B0.3 = 


60, MARK LAN, , LONDON, 


Mechine and E 


WORE _ all desert undertaken 
Manufactu sag ~~ Lae 
renewals. wee we 
& ay pate Lap 


Patentees, &c. 





S H. “Jerod & Co, la, 


REDDISN. 
LOCOMOTIVE TRAVBRSERS euciuite 


P. & W. MacLellan, Limited, 


CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 


RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING, ac. 
Chief Offices : 129, Trongate,Guaseow. Od 6547 
Registered Offices : 108A, Cannon 8t., London, B.C, B.C, 


(Nentrifugals. 
Pott, (assels & ‘Williamson, 


MOTHERWELL, SCOTLAND. 





7 





Office : 
3, Victoria Stanuer, WesTminerer, 8.W. 


See half-page Advertisement page 104, Feb. 21, 
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ENGINEERING. 


[ Fes. 28, 19109. 








’ 
lhe Manchester Steam Users 
ASSOCIATION. 
For the Prevention of Steam Boiler Explosions and 
for the Attainment of Econemy in the Applicatien 
ef Steam. 9, Mount Srreet, MANCHESTER. 
meer: CO. B, STROMEBYER, M.1.C.8, 
Fou 1854 by Sir WILLIAM FarRpatRn. 
Certifieates of Safetyissued ander the Factory and 
WwW Act, 1901. Compensation for Damages 
ond Liabilities paid in case of Explosions. Hnogines 
and Beilers inspected during constructien. 6061 


nst.C.E., I. Mech. E., B.Sc., 


and all Engineering Bxaminations.—Mr. G. P. 
KNOWLBS, B.Sc., Assoc. M. Inst. C.B., F.S.1., 
M.R.Saa.1., PREPARES CANDIDATES personally 
or by correspondence. Hundreds of successes. 
Courses may commence at any time.—39, Victoria 
St., Westminster, S.W. 74 


["**t. C.E., Inst. Mech. E., 


and all Engineering Exams. Correspondence 
coaching by prac! ical engineers. 1.C.B. successes 265 
out of 293. Two Bayliss Prizes, “‘Proxime Accessit.” 
Special features for foreign candidates. Write for 
booklet, &c.—Address, 7434, Offices of ENGINEERING. 


econstruction. — Firms Re- 
UIRING experienced and competent 
MANAGERS or FORKMEN are requested to com- 
municate with the SECRETARY of the CoveytTry 
FoxemeEn’s ASsocraTION OF ExGINFERING & ALLIED 


Tapes, Lrp., at No, 7, The Quadrant, Coventry. 
5 612 
1 
To Government Departments, 
CORPORATIONS and BMPLOYMENT 
DEPARTMENTS of BNGINEERING FIRMS. 

The SECRETARY of the Manchester and District 
Engineering Works Managers’ and Foremens’ Asso- 
ciation will be PLBASED to KKCGIVE any 
INFORMATION relating to VACANCIKS or 
Appointments about to become vacant. 

This Association consists of a very large member- 
ship, representing over 40 branches of Kugineering 
works. The members are all well trained and 
expe ienced tradesmen of long standin 

Il communivations will be treated 
fidence by the Secretary. 

Apply to W. SMITH, Secretary, 

care ot Milton Hall, 








fh strict con- 


T 28 











TENDBBS. 
BOROUGH OF HAMMERSMITH. 
STORBS FOR BLECTRICITY WORKS 





The Borough Connell invites 


[tenders for the Supply of 

the following STORES for the period of 
erst, six or twelve months, ending 3lst March, 

(2) Browns and brushes; (0) electric light 
sundries ; (c) files; (¢d) fire bricks, clay and lime; 
insulated wire ; (/) metals ; (g) oilman’s goods; 
A) cabie jointing materials ; (*) screws; ()) tools; 
(4) joint boxes and connections. 

Forms of tender and further particulars can be 
obtained on application toMr.G.G. Bret, Borough 
Klectrical Kngineer, 85, Fulham Palace Road, W., 
upon receipt of a stampet addressed foo scap 
envelope. Sealei tenders, endorsed ‘Tenders for 
Rlectricity Stores,” must be delivered to me at the 

own Hall, Hammersmith, not later than 4 p.m. 
on Wodnes‘ay, 12th March, 1919. The Council does 
not bind itself to accept the lowest or any tender. 


LESLIE GORDON, 
Town Clerk. 
Town Hall, Hammeremith, W 
14th February, 1919, 
THR GREAT INDIAN PENINSULAR 
RALLWAY COMPANY. 


5 971 


The Directors are prepared to receive 


’ . 
[lenders for the Supply of the 
itocies GF RES, namely :— 
STERL WORK FOR BRIDGES 
STBEL WORK FOR BRIDGES (KALISINDH 
BRIDGE). 
tions and forms of tender may be o- 
tained #§ this office on payment of the fee for the 
speciti ion, which payment will not be returned. 
Tendets must be delivered in separate envelopes, 
sealed and addressed to the usdersigned, marked 
“Tenders for Steel Work for Bricges,” or, as the 
case may be, not later than eleven o'clock a.m., on 
Tuesday, the 18 h March, 1919. 
The Directors do not bind themselves to accept 
the lowest or any Tender. 
Company's ‘ *flice, R. H. WALPOLE, 
48, Copthall Avenue, EC. Secretary. 
London, 26th Febuary, 1919. T 102 


IN LIQUIDATION. 


IN THB MATTER OF THR 
OURRENT INCANDESCENT FIRE BRIDGE 
CO., Lap. 


[renders are Invited for the 
N 


Speci 


British Letters Patent No. 20345 (1908) and 

io. 20207 (1909) in the CURRENT 
INCANDESOBNT FIRE BRIDGE, 

It is claimed for this I i t Fire Bridge :— 

Perfect Combustion; Increased Evaporation; a 

Minimum of Ash and Clinker ; the use of the most 

ye and a LARGE SAVING in the 


PATENT 





Testimonials from Collieries, Mills, 
G ing Stations, &c., affirm that after careful 
testing the actual SAVING OF COAL CONSUMP- 
TION was from 15.per cent. to 20 per cent. 

Particulars relating to the Patent, together with 
Conditions of Sale, may be obtained from the 
Deputy Liquidator. 

Tenders marked “ Current Fire Bridge,” to 
sent to the undersigned not later than BSDAY, 
the 18th MARCH, 1919, when they will be opened 
at his office, as below, at 11.30 o'clock, in the 
presence of those who may wish to attend. 

The highest or any Tender not necessarily 
accepted 


: RLLIS OWEN, 

Deputy Official Receiver and Liquidator. 
117, St. be Street, 

Cardiff, 


Flour 





S os 


CITY OF NOTTINGHAM. 
The Tramways Committee are prepared to receive 


AJ 
nders for the Supply and 
Delivery of ‘ 
1000 TONS OF STEEL TRAMWAY RAILS. 
Drawings may be seen, and copies of the Specifi- 
cation an 
Mr. ARTHUR BROWN, M.Inst.C.B., City Engineer, 
Guildhall, Nottingham, on payment of a deposit of 
Oue Guinea, which will be returned on rece»pt of a 
bona-fide Tender and the copy of the specification. 
Sea'ed Tenders, in the official envelope provided, 


Nine a.m., 6th March, 1919. 

The lowest or any Tender will not necessarily be 
acoepted, and the Committee reserve to themselves 
the right to divide the work. 

Tenders will only be accepted from firms who 
conform to the conditions of the Contract as regards 
paying the local standard rate of wages, &c. 

W. J. BOARD, 
Town Clerk. 
Guildball, 
Nottingham. 
26th February, 1919. 


Ts 


APPOINTMENTS OPEN. 


ELECTRICAL DEVELOPMENT 
ASSOCIATION, 





The Committee of the above Invite 


A pplications for the Position 
ot DIRECTOR. Applicants must be electrical 
engineers having wide experience of the industry 
and sound commercial knowledge. Goud organi-ing 
ability and British birth essentia'. Cummencing 
salary £1000 r annum. — Applications to be 
addressed to the CHAIRMAN of the Committee, 
36, Kingsway, W.C., aud must arrive not later tha 
Noon of March 17. T 25 


equired for Large Combined 
Shipbuilding and Bagong ete on 
N.E. coast, KBugiand, SHIPYARD MANAGER. 
Must be fully qualified in practical knowledge and 
conversant with handling of working arrangements 
with employees and all Federation ani As.ociation 
business, Opportunity of future advancement for 
suitable applicant.— Address, S 633, Offices of 
ENGINELRING. 


WELLINGTON SCHOOL, SOMERSET. 








ngineering Master Required 

in May next, practical knowledge in 

eloctricity and magnetism and workshop experience 

jn metal work essential.—Apply HEADMASTER, 
Wellington School, Somerset. S 8: 


LBICESTER CORPORATION WATER DEPART- 
RESIDENS ENGINEER. 


The Water Committee are prepared to receive 


A Pplications for the Post of 
ESIDKNT ENGINEER on the erection of 
Mechanical Filters and the co:struction of the 
Filter House, Caretaker’s Cottage, Settling Tanks, 
etc., at Haligates. The salary paid will be at the 
rate of £40v per annum including War Bonus, and 
the man appointed will be required to commence 
his duties in April next. 

Applications stating age, experience, qualifica- 
tions and present salary, together with copies of not 
more than three recent testimonials, should be 
received by me not later than noon on March 10th, 
1919. 

Canvassing Members 
disqualify applicants. 

G. T. EDWARDS, A.M.1.C.B., 


Water Engineer. 
Water Works Office, 
Bowling Green Street, 
Leicester. 8 861 


BRISTOL EDUCATION COMMITTEE, 


TEMPLE JUNIOR TECHNICAL SCHOOL 
(ENGINEERING). 


of the Committee will 





= . | ° 

| equired, as Soon as Possible, 
ASSISTANT MASTER with good quatlifica- 

tions in Science (especiatly Applied Mechanics) and 

Practical Mathematics. 

Salary £180 per annum, rising by annual incre- 
ments uf £10 to £2250 perannum. Previous experience 
may be al'owed to count in fixing the initial salary. 

Apptication forms, which should be returned not 
later than 13th Mareh may be obtained by sending 
a siamped addressed foolscap envelope to— 

VM. AVERY ADAMS, 
Seeretary for Education. 
Guikthall, Bristol. 
25th February, 1919. 


THE TECHNICAL COLLKGE, 
LUUGHBOROUGH. 


A Pplications are Invited for 
the POST of LECTURER in MECHANICAL 
ENGINEERING, at a commencing salary of £250 
per annum, with increments of £25 per annum up 
to £300, subject to satistactory service. 
: Further particulars and forms of application may 
be obtained from the PXINCIPAL. These must be 
returned to the College belore the 12th — 
995 


T 64 





anted for Branch Office in 

South Wales a well educated ENGINEER, 

age 25-28, to act as ASSISTANT SALESMAN, 

Experience with steam 

machinery, Le oy 4 | 
saiary required, &c., to 


anted, for North-east 

coast, GENTLEMAN with wide connection 
with ro ling mills, shipyards and general engineers, 
to r present a London firm of non-ferrous metal 
founders. State salary and commission required 
with full particulars regarding experience and 
districts covered.—Address, T 9%, Offices of EByraet- 
NEERING. 


A White Anti-Friction Metal I 

QUIRES the SERVICES of an EXPERT to 
compile small booklet in the form of an advertise- 
ment, also to advise for a system of circularizing in 


engines, hydraulic 
with copies of testimonials, 
100, Officesof ENGINEERING. 








relation to same.—Address, S 92%, Offices of Ey- 
GINEERING, 


form of Tender obtained,on applying to | 


are to be delivered to the undersigned not later than | 





Reauired, for Service on 
INDIAN RAILWAYS. 


The UNDERMENTIONED VACANCIES are 
NOW OPEN on various Indian Railways, and 
APPLICATIONS are INVITKD from men who 
have bad the proper experience to qualify them to 
hold such posts, 

SUPERIOR ESTABLISHMENT 
(Orricers’ GRapDF). 

TEN ASSISTANT CIVIL ENGINEERS (Way 
4xp Works) on salaries of Rs. 350 to Rs 600 per 
calendar mouth, according to qualifications. Can- 
didates must have had experience on « British or 
Colonial Railway, on open line maintenance or 
construction, and must have passed the Associate 
Membership examination of the Institution of Civil 
Engineers or hold an exempting degree, Age not 
more than 28 years. 

ONE AS3ISfANT CARRIAGE AND WAGON 
SUPsRINTENDENT. Salary commencing on 
Ks. 400, Canditates must have had experience of 
const: uction shop, runniug and repairs. 

FOUR ASSISTANT LOCOMOTIVE SUPERIN- 
TENDENTS. Salary Ks. 350 to Rs. 600 per caleadar 
month according to qualifications. Candidates must 
bave been trained in Locomotive Workshops, and 
have had running shed experience. Preference will 
be given to men (both for these and the Asst. C. 
and W. Supt. vacancy) who have passed the A.M. 
Inst. C.K. The equivaient to these vacancies on a 
British Railway is Asoistant to the Loco. or U. & W. 
Supt. respectively. 

QO.E ASSISTANT SIGNAL ENGINEER. 
Salary Rs. 50u to 650, according to qualifications. 
Must have had a good techaical education, and 
possess an up-to-date knowledge of signalling, 
incerlocking and block instrument working, and 
be capable of designing and installing work. 

TWO TRAINED TRAFFIC ASSISTANTS. 
Commencing salary Rs. 350 per calendar month. 
THREE TRAFFIC PROBATIONERS. Commen- 
cing salary Ks. 250 to Rs. 300. Candidates must 
state what experience they have had in the Trafhc 
Department of a British Railway. 

TERMS.— A three years agreement in the first 
instance, and first-class free passage to India. 

SUBORDINATE ESTABLISHMENT. 

ONE JUNIOR FOREMAN FOR SMITH’S SHOP. 
S:lary Rs. 360 rising by Ks. 20 each 18 months for 
appproved service to Rs. 400. Must be experienced 
in drop farging and stamping, heavy forge work, 
die making and tempering of stwels. Age abvut 30. 

(a) TWuY ASSISLaANT FORKEMEN, SMITHS’ 
SHOP. Experience similar to Janior Foreman. 
Preference will be given to one who has had spring 
smith’s experience in a loco. works. 

(0) TWO ASSISTANT FOREMEN, CARRIAGE 
BUILDING SHOPS. Must have been trained as 
body builders with a railway company, or railway 


36 carriage builders of repute. 


(c) THREE ASSISTANT FOREBMEN FOR 
CARRIAGE REPAIR SHOP. Must have had 
experience of heavy repairs to roiling steck, as 
distinct from new work, with a raliway company 
for preference. 

(d) ONE ASSISTANT FOREMAN FOR WAGON 
SHUVS. Must have had experience of erection of 
wag ms, i.c., new steel, wood and ironwork, and 
repairs to all types. Preference will be given towne 
wh» has also dealt with underframe aud “gear” 


repairs. 

(e) ONE ASSISTANT FOREMAN, BOILER 
SHO Must have had experience of erection of 
new and heavy repairs to old locomotives’ boilers. 
Preference wili be given to ove with good ‘*marking- 
off” experience. 

(f) ONK INSPECTOR FOR BOILER SHOP. 
Must have had considerable experience of examining 
and reporting ou loco. boilers returned to shops for 
heavy repairs. Candidates should state if they 
have had experience of ‘‘ quick” repairs in running 
sheds. 

SALARY FOR ALL THE ABOVE (a) to (f/f) 
inclusive, Ks. 280 rising each 18 months for approved 
service, by Ks. 20 to Rs. 340 per calendar month. 
Age about 25 to 28 years. 

ONE ELECTRICAL FORKBMAN. Salary Rs, 300 
to Rs. 400 according to qualifications, with yearly 
increase of Rs. 25 for approved service. Candidates 
must have a thorough practical and technical know- 
ledge of plant and machinery, in connectiou with 
the generation and distribution of electrical energy 
for workshops, running and lighting (A.C. & D.C.). 
Preference will be given to oue who 1s conversant 
with Stone's system of carriage lighting. Age not 
more than 35, single preferred. 

ONE RUNNING SHED FOREMAN. Salary 
Rs, 350 rising to Rs. 400 by yearly increases of Ks. 25 
for approved service. Must have served apprentice- 
ship as fitter, and subseqnently have been employed 
as Running Shed Fitter with a Biltish Railway 
Company. Single men not more than 3v preferred. 

ONE FOUNDRY FOREMAN (IRON AND 
BRASS). Salary Rs. 350 to Rs. 400 according to 
qualifications. Preference will be given toone with 
knowledge of Coppersmith and Tinsmith work, able 
to reorganise shops and fix piece-work rates but all 
Candidates must possess thorough practical know- 
ledge of patterns, moulding, mixtures of metals, 
and working of cupola and brass furnaces. Age, 
&c., as above. , 

TWO MACHINE SHOP FOREMEN. Salary 
Rs. 350 to Ks. 450, according to qua ificaticns. Must 
possess a thorough practical knowledge of modern 
railway machine shop practice. Age, &c., as above. 

THRE ASSISTANT MACHINE SHOP FORE- 
MEN. Salary Rs. 300 rising to Rs. 340. Similar 
experience to above, Age 25 to 28 preferred. 

ONE ASSISTANT FOREMAN MOULDER (Green 
and Dry Sand). Used to heavy castings, kuowledge 
of mixing metals and cupola melting. Salary 
Ks. 350 rising to Rs. 400 by increments of Rs. 25. 
Age not under 30. 

TWO MOULDERS (Green and Dry Sand). 
Particulars must be given of experience of locomo- 
tive and general casting work. Age not under 25, 

ONE BRASS MOULDRR, experience in general 
brass foundry preferred. Candidates should state 
whether they have had experience with coke or gas 
fired tilting turnaces. Not under 25 years of age. 
Salary Rs. 300. 

ONE STEEL MOULDER. Must have served 
apprenticeship in steel foundry where acid and basic 
steel castings were made, and be competent at 
gating, heading and coring castings of ht 
section. Not under 30 years of i Salary Rs. é 
sising to Rs. 400 by increments of Ra. 25. 

TWO BLACKSMITHS. Preference will be given 
to men who served apprenticeship in general engine 
or jodbing shops, and who unde steam 
hammer and drop stamp work, Not under 26 years 
of age. Salary Rs. 300 per calendar month. 





ONE PATIERNMAKER. Show'd have serveq 
appre:.ticesbip in general engine shop, and must be 
<oaeeee pr me eg tor hea’ 
castings. Not under ears e. Salar ; 
300 per calendar month. é sy be = 

ONE BRASS FINISHER. Preference wi}! te) 
given to man who served apprenticeship in locomo.. 
tive or general shop, who has made a speciality of 
making brass botler mountings. Age not uncer 95 
Salary Rs. 250, rising by annual increments of I's. 95. 


to Rs, 3uv. 

ONK ( OPPERSMITH. . Must be experienced in | 
locomotive or general engine copper pipe v ork. 
Preierence will be given to man who also under. 
stands tinman’s work. Age not under 25. Salary, 


Rs. 300. 

TWO IRON TURNERS. Must have serveg) 
apprenticeship in locomotive or general machine” 
shop, and be exprienced in up-to-date lathes ang 
machines.. Not under 25 years of age. Salary” 
a pea rising by an ual increments of Rs. :5 to 


ONE FOREMAN PAINTER. Must have served | 
apprenticeship as railway coach painter, and | ¢ able 
to mix jaints and varmshes. Preference will be | 
xiven to man who has -had some experience of 
locomotive painting also. Age not under 39” 
Salary Rs. 340, rising to Rs. 400 by annual inge 
ments of Rs. 30. 

TERMS.—A three or five years’ agreement in the 
first instance, free passage out and home again on © 
satisfactory termmation of servic e. 

GENERAL. SALARY. The amount stated is in 
each case “‘ Rupees ” per calendar month. 

All Candidates MUST have served a regular” 
pupila,e, or apprenticeship (where usual) with a7 
railway company or firm of repute, and otber things 
being equal, prefereuce will be given to those w 
have had experience as Assistants or Journcymeg 
with a railway company. , 

Final appointment 1s subject to selected men 
passing STRICT medical examination. 

APPLICATIONS, giving Candidate's " 
whe her married (if so, what family) or single, and 
full particulars of career, with dates and names of > 
firms by whom employed to preseut time, must be™ 
addressed to Messrs. RENDi.L, PALMER axp | 
TRITTON, 12-14, Dartmouth Street, Westminster, © 
S.W. 1., Consulting Kogineers to the Railway | 
Companies concerned, now later than 17th Mareh 7 
neat. Where so requested, applications will be 
treated as confidential. b 

NOTE.—Replies will only be sent to such menas 7 
may be considered for appointment to the present 
vacancies, but all a;plicants should, wherever | 
possible, give a pe manent address, because if not” 
dealt with immediately, they may be considered ~ 
suitable for future vacancies. All letters should be ~ 
marked outside ‘‘ APPOINTMENTS.” 5 968 


teel Foundry Manager™ 
REQUIRED for a large works in South Mid-~ 
lands. Must have exceptional all-round experience || 
of high-class steel castings. electr e furnace, con 
verters and Siemens-Martin. Output bonus paid 
—Address, stating salary required and full partice- 
lars, S 628, Offices of KNGINKERING. 


xe 7 

W anted, First-class Foundry © 

MANAGER, accustomed to heavy engine — 
castings in loam, dry and green sand, also light ~ 
engine castings; only fully qualified experienced — 
men, and those holding similar positions will be 
considered.—Address, stating age, ex; erience and — 
salary required, 8 800, Offices of GINEERING. 


(jeneral Manager Wanted by ¥ 


an important Association of Manufacturers. — 
Trade orsanisation and secretarial experience essen: ~ 
tial. Salary £1000 per annum.—Write, BOX 11334, _ 
care of A. J. Witson & Co., Lrp., 154, Clerkenwell 
Road. B.C. 1. 8817 — 


~\e . . 
ate Fixer.-Wanted,aHighly- 
skilled Rate Fixer, accustomed to fixing 
rates on Motor Car work. Must be able to demon — 
strate times, if required, on all classes of ee d 
First-class men only need apply. Good wages to ~ 
right man. State age, experience and sal 
required.—Address, S 948, Offices of ENGINEERING. 


orks Costing Specialist” 
WANTED by an important association of 
manufacturers, to examine costing methods, t 
report and to advise, Retaining fee, plus coste for 
special work.—Write BUX 11339, c/o A. J, WiLs0k 
AND ©o., Lrp.. 154, Cl-rkenwell Road, E.C. 1. 8 870 _ 


EK xperienced Salesman, 
Chemist or Chemical Engineer REQU IKED; 
salary and commission, well up in general — 
Chemical Plant, including Coal Tar by-products, ~ 
Solvent Extraction and very, Distilling and 
Evaporating Plant. Apply, stating salary requi : 
and full particulars.—Address, 899, Offices of 

ENGINEERING 


A Large Firm of Engineers ~ 

in the Midlands, have an OPENING forse 
YOUTH of ow education as premium pupil, thé 
course to include beth works and drawing office.— 
Address, 4359, Offices of ENGDYEERING. 


W anted, Engineer to Take 
FULL CHARGE of a large establishment ~ 
manufacturing Enamelware in Italy. Experienet ~ 
and knowledge of French or Italian is essential, and 
must have a thorough understanding of the use 
chemicals, plant, &c., employed in this industry. 
For further iculars, write to a 
. ROBINSON & CO., 8 ee 
5, Gloucester Mansions, Cambridge Circus, W.0.% 


orks Manager Wanted by © 


an engineering firm in Scotland with about _ 
1800 employees and manufacturing heavy : 
medium engines, pumps and other specialities. x 
Only those with successfal ement @” 
perience in modern machine shops and in foundry = 
practice (including repetition work) need apply. 
State age, qualitications, and salary required ©” 
8 641, Offices of ENGINEERING. oe 
. . 
Ex 


ngineer Wanted with e 
perience, capable of taking charge of erection 
and starting up modern steel rolling mille 
and hydraulic machinery in connection wit!: same 
—Address, T 9, Offices of ENGINEERING. 
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ngineer Wanted for larg 
brewing and distilling (pot stills) con 
Must be fully qualified with experience. 5 
om. —BOX 1 Bason’s Advertising Arena s 
phfin . 
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THE MEASUREMENT OF FLUID 

VELOCITY AND PRESSURE. 

By J. R. Pannecy, A.M.LM.E., F.R.Aé.S. 
In general, problems connected with the relative 
motion of fluids and solid bodies may be divided 
into two classes, viz., those in which the fluid is 
in motion, the body remaining at rest, and those 
in which the principal motion is that of the body. 
The former class includes the study of the motion 
of natural winds, and the transmission of fluids in 
pipes, while in the latter we may place problems 
relating to the motion of aircraft or naval vessels. 

When it is desired to reproduce these conditions 
for experimental investigation, it is usual, except 
in the case of aircraft models, to set up the relative 
motion in the same way as under the original 
conditions. Experimental work on the resistance 
of ships is carried out mainly by towing models 
through water in a ship tank, the speed being 
readily determined by observations of time and 
signals from the track which indicate the passage 
of the towing carriage over measured distances. 
On the other hand by far the larger number of 
experiments carried out on aircraft models are made 
in a wind channel where the fluid is in motion while 
the model remains at rest. This plan offers many 
advantages over the method of moving the model 
through the fluid at rest, particularly in connection 
with the construction of the apparatus and the 
measurement of the forces acting upon the model. 
If it be conceded that for uniform motion in a 
straight line, the conditions are the same whether 
we move the body or the fluid, the only important 
respect in which the moving fluid method is at a 
disadvantage is in the estimation of velocity. 

The measurement of the velocity of fluids presents 
a problem entirely different from that which occurs 
in the case of the motion of a solid body through 
space. Fluids are not in general visible in such 
a manner as to render possible the determination 
of velocity directly from measurements of time 
and space, though this. method is adopted to some 
extent in gauging rivers. For determinations of 
velocity near the surface of a river a surface float 
is timed over a known distance, while for taking 
measurements at various depths sub-surface floats 
are employed, which are attached to very small 
floats at the surface to render their motion visible. 
With this exception the most direct case is perhaps 
that of a liquid flowing in a pipe or channel, where 
the weight of liquid passing in a given time can be 
observed. The mean velocity across a section can 
then be readily calculated if the density of the liquid 
and the cross-sectional area of the stream are known. 
Except in an instance of this kind, or in the rare 
case where a solid body borne along with the fluid 
can be timed over a given distance, the measurement 
of the velocity of fluids is generally effected by 
either one of the following methods :-— 

(1) Pressure-tube instruments in which the 
velocity is deduced by measurement of a difference 
of pressure between apertures in different parts of 
the apparatus. A separate manometer is required 
with these instruments. 

(2) “ Moving part” instruments, in which the 
velocity is determined either by the steady displace- 
ment of some part of the instrument or by the 
integration of the distance travelled in a given time 
by some part of the instrument which is free to move 
without any controlling force. 

(3) Hot-wire instruments, in which the velocity 
is determined from the convection of heat from an 
electrically heated wire. These instruments are only 
used for gaseous fluids. 

In the great majority of cases measurements of 
the velocity of liquid fluids are made by means of 
instruments in class (1). 

Instruments of class (1) are in general use for 
scientific work in cases where an accurate measure 
of the speed is necessary. They are also employed 
in meteorological work where a record is required 
of the gustiness of a wind. The principal dis- 
advantages of this class of instrument are the errors 
which are caused by changes in the density of the 
fluid, and the necessity for a separate manometer. 

Instruments. of class (2) which integrate the 
distance travelled by some freely-moving part have 
the great advantage that their indications are 
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practically unaffected by changes of density. No 
separate manometer is required, the velocity being 
deduced from the instrument reading in a known 
time. In the displacement type of instrument of 
class (2) the speed is read off directly from the 
instrument scale, but the error due to change of 
density is present in these instruments. 

Instruments of class (3) have in the past had 
a very limited field of application, but they appear 
to have distinct advantages for certain kinds of 
work. One of these cases is in the measurement 
of very low speeds and another when a mean value 
is required over a certain area. 


PRESSURE TUBE INSTRUMENTS. Cuxass I. 


With very few exceptions every type of instru- 
ment, and often every instrument of each type, 
requires calibration against a standard; one of 
the exceptions found in this class is the open-ended 
tube facing the current, in which the pressure has 
been found to have the value which would have been 
expected from theoretical considerations for such 
a tube in a perfect fluid. This tube was used by 
Pitét in 1732 for the measurement of the velocity 
of a river, and was described in a paper read before 
the French Academy of Science in November of 
that year. 

For calculation of velocity it was necessary to know 
the height to which the water in this pitot 
tube (as the open-ended tube is now called) rose 
above the free surface of the water. To determine 
the level of the free surface Pitét used a second 
open-ended tube which had its axis normal to the 
current and assumed (though wrongly, as we shall 
presently see) that the difference of level h of the 
fluid in the two tubes was the head due to the 
velocity V, so that V was equal to /2 gh. 

Before considering in detail the reasoning on 
which the measurement of velocity by means of a 
pressure tube anemometer is based, it will be well 
to define clearly what is meant by the “ pressure ” 
of a fluid and to explain the term “ static pressure,” 
which will be freely used in what follows. 

The pressure of a fluid at any point may -be 
defined as the mean of the normal forces per unit 
area on three mutually perpendicular elements of 
surface meeting at that point and at rest relative 
to the fluid. 

When a fluid is in motion it is convenient to have 
an expression to distinguish between the pressure 
of the fluid as just defined, and any dynamic pressure 
such as the excess of pressure in a pitot tube above 
that of the undisturbed fluid. Dr. T. E. Stanton, 
F.R.S., used the term “static”* to indicate the 
pressure in a fluid in motion and the expression 
“‘ static pressure’ is now general in aeronautics. 

The equation V = J/2gh is deduced for the 
pitot tube on the assumption that Bernoulli’s 
equation for a perfect fluid holds for this tube when 
it is employed in a viscous fluid. Bernoulli’s 
equation states that (neglecting the energy due to 
the elevation of the fluid above the datum) the 
energy per unit volume is equal to: 


pP+itpve 

where V is the velocity, p the static pressure and 

the density of the fluid. In any section of the 
fluid over which the energy per unit volume (and 
consequently p+4pV*) is constant, we shall 
have a decrease in V? accompanied by a proportional 
increase in p and vice versa, and if we can measure 
the value of p where the velocity is V and again 
when the velocity is zero, we can evaluate V. It 
is this operation which is performed by the pitot 
and static pressure tubes, for the velocity is reduced 


to zero at the mouth of the pitot tube and the energy | ; 


per unit volume of the stream is represented by 
the pressure in that tube, po, while the pressure in 
the static pressure tube, if it is properly designed 
will be the static pressure, p, of the fluid moving 
with a velocity V. If the two tubes are placed at 
points in the stream where the energy is equal : 
po= p+ bp V® 

t Po—p=tpV? 

where p, — p is equivalent to Pit t’s h if his second 
tube read the true static pressure. It should be 
noted, however, that this equation could only have 


or 





* Proc,, Inst. Civil Engineers, 1903-4, vol. clvi, page 82. 





been confidently expected to apply to a pitot tube 
in a perfect fluid, and the fact that it does so in a 
viscous fluid rests entirely on experimental evidence. 

A considerable amount of evidence has now accu- 
mulated, and it appears that the open-ended tube 
facing the current (which alone has been named 
after Pit6t) is thoroughly reliable and may be of 
widely differing shapes and sizes. The author has 
compared in a wind channel as pitot tubes, a piece 
of glass capillary tubing of about 1 cm. external 
diameter and 2 mm. bore, with a small casting in 
the form of a cup about 2 in. in diameter at the open 
end, reducing to 0-5 in. at the after end where the 
connecting tube was attached. The in 
the two were found to be identical and to agree 
with the laboratory standard instrument. In order 
to determine its absolute accuracy a pitot tube 
was tested in air by an experiment on the whirling 
arm at the National Physical Laboratory in 1912* 
which showed that over a speed range of 17 ft. to 
50 ft. per second the pressure equation was fulfilled 
to an accuracy of one-tenth of 1 per cent., which was 
the order of accuracy of the particular test. 

In the pitot tube, therefore, we have an instrument 
whose behaviour accords with that which might have 
been expected from theoretical considerations and 
by means of which we can determine the value of 
3pV*+ >. It remains to measure p and we have 
already seen that for this purpose Pitét used an 
open-ended tube whose axis was normal to the 
direction of motion of the fluid. It has been found, 
however, that a serious error is introduced if the 
pressure in this tube is assumed to be equal to the 
static pressure ; when an open-ended tube is placed 
with its axis inclined at an angle of 90 deg. to the 
direction of the current there is a pressure in this 
tube which is lower than the static by an amount 
of the order of 4 p V*. A tube arranged in this 
manner is therefore of little use for measurement 
of static pressure, even if it were calibrated against 
a standard, since it would be extremely sensitive 
to change of angle. 

A device similar to that of Pitét was used for air 
currents in Lind’s anemometer, which was invented 
in 1775. It consisted of a glass U-tube of which 
one end was bent so as to form a pitot tube whose 
axis was kept always face to wind by means of a 
vane attached to the U-tube. The dther limb of 
the tube was cut off horizontally, and no doubt 
experienced a suction when the wind blew, though 
it appears to have been assumed at that time that 
the tube gave the static pressure of the air. The 
tube was filled with water to a zero mark and the 
displacement of the surfaces gave a measure of the 
wind speed. One of the disadvantages of this de- 
vice (which was not present when similar apparatus 
was used for water by Pitét) is the extremely small 
reading obtained for ordinary wind speeds owing 
to the density of the measuring fluid (water) being 
nearly 820 times that of the fluid whose motion is 
under consideration. 

A satisfactory means of measuring static 
was found by Darcy as long ago as 1854. He 
carried out a very extensive series of measurements 
on the frictional resistance to the flow of water in 
pipes (actually the water mains of Paris) and 
used a hole in the wall of the pipe as a means 
of measuring the static pressure. ‘his method 
is entirely satisfactory if the measurements are 
made at a siffficient distance from the inlet to 
the pipe and all burrs thrown up in drilling the 
static pressure hole are carefully removed. The 
same plan was followed in the work which has been 
carried out by Dr. Stanton and the writer at the 
National Physical Laboratory, on the flow of fluids 


in pipes.} 

In 1903 Stanton devised a new type of static 
pressure tube§ for use in his wind channel experi- 
ments on the resistance of plane surfaces in a current 
ofair. The pitot and static tubes were about 0-15 in. 
in diameter, and they were arranged with their 
centre lines 2 in. apart. The static pressure tube 
terminated in a fine point facing the stream, the 





*Report of Advisory Committee for Aeronautics, 
1912-13, page 35. 
Comptes Rendus de V Academie dés Sciences, vol. 
xxxviii, page 407. 
Phil. Trans. Roy. Soc., A., vol. eexiv, page 199. 
§ Proc. Inst. Civil Engineers, vol. clvi, page 7. 
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curved portion being about seven tube diameters 
in At a point 10 diameters from the 
extremity of this tube four holes were drilled 0-02 in. 
in diameter, care being taken to remove the burrs 
which were thrown up in drilling. 

ae anes Sa eer aes 
very ingenious piece of apparatus, which is shown 
in Fig. G3 conaietid of tue, Aalindd alesinbam 
vanes V, attached by means of light arms to a 
sleeve accurately balanced by a weight W for 
motion in a vertical plane. These vanes were set 
at an angle of 45 deg. to the vertical in such a manner 
that the projection of one vane on the other formed 
an angle of 90 deg. with it. Helical guides were 
fitted near each vane and arranged so that if the 
vanes moved up or down they were constrained to 
do so along paths normal to their helices. The 
sleeve to which the vanes were attached was rotated 
at various speeds by a belt from an electro-motor 
outside the channel, arrangements being made for 
rapid estimation of the speed of rotation. 


Fig.]. STANTONS AIR-METER FOR 





pressure tube 0-30 in., and the diameter of the 
mouth of the pitot tube 0-16 in. The change in 
diameter is effected by a gradual taper and the 
static holes are drilled in the parallel tube 
1-8 in. (6 diameters) from the mouth of the pitot 
tube. The number of static pressure holes is 21 
and their diameter 0-040 in. The construction of 
the tube will be sufficiently obvious on reference to 
the figure; a soldered joint could be avoided by 
bending both tubes where they turn normal to the 
direction of flow. If a head of this kind is in con- 
stant use it should be tested occasionally for leaks, 
both between the tubes and to atmosphere. 
Experience has shown that these pressure heads 
can be constructed and relied upon to give a pressure 
difference of $p V*, though it would provide a 
useful check, if more than one instrument is being 
made, to test one tube against another, agreement 
in their readings being taken as an indication that 
the constant for each is unity. A large head of this 








type has been constructed at the National Physical 







































at the top of a closed tank, and after passing an 
arrangement of baffle plates escapes through an 
orifice at the bottom; a graduated gauge glass 
is provided at one side of the tank, and the pressure 
is measured by reading off the height of the water 
in this tube. The size of orifice in the meter used 
by Stanton and the writer could be varied from 
0-25 in. to 1-25 in., and by choosing a suitable 
size for a particular rate of flow the level of the 
water in the gauge glass could be adjusted to lie 
within the range for convenient observation, which 
had an upper limit about 30 in. above the horizontal 
plane containing the orifice. A tap is provided at 
the top of the meter in order that accumulated air 
may be allowed to escape. The meter was cali- 
brated by direct weighing of the water against time, 
and it was found, as was expected, that the head in 
the gauge glass varied approximately as the square 
of the mean velocity through the orifice. This 
relation was not, however, accurately true, and the 
author hopes at some future date to publish these 
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If, now, the air-meter be placed in a current of air 
flowing vertically downwards (as in Stanton’s 
channel), and rotated in the appropriate direction 
at such a speed that the linear velocity of the vanes 
is equal to the velocity of the air current, the 
direction of motion of the air relative to the vanes 
will be tangential; the force will be normal to 
the guides and the vanes will remain balanced. 
A lower rotational speed will cause the vanes to fall 
and a higher one will cause them to rise. This 
instrument was found to be very sensitive, a small 
change in speed causing the vanes to move along 
their helical paths. By this means the value of K 


in the equation : 
vex, /? 
p 


was found to be 1-03, but subsequent calibration on 
the whirling arm showed K to be unity to an 
acouracy of one-tenth of 1 per cent. Subsequent 
experience has shown the accurate determination 
of air speed to be a matter of considerable difficulty, 
and in view of the very early stage in the develop- 
ment of aeronautical research at which Stanton’s 
experiments were carried out, his measurements 
Se te The * Sat ia 

as very - It was afterwards 
found convenient to make the pitot and static 


pressure tubes concentric, and a head of this kind 
(Fig. 2) has been as the standard instrument 
at the National Laboratory. In this 


standard head the length of tube parallel to the 
stream is 4 in., the external diameter of the static 


Laboratory and fitted with a vane for use in a 
natural wind. It is necessary in this case to have 
a sliding joint in each tube which greatly enhances 
the possibility of a leak between the two. Calibra- 
tion in the wind channel showed the head to agree 
with the standard, and it is now being tested in 
natural winds under the direction of the Meteoro- 
logical Office. It appears that the necessary con- 
dition for measurement of static pressure is obtained 
if the lines of flow of the fluid are straight and 
parallel to the solid boundary in which the static 
pressure holes are drilled. The two important 
features which must be observed for this condition 
to be realised in the National Physical Laboratory 
head are, that the static-pressure holes must be 
sufficiently far along the parallel portion of the tube, 
and that all burrs thrown up in drilling are carefully 
removed. This instrument furnishes a convenient 
standard for measurement of the velocity of fluids, 
either liquid or gaseous, which are clean and not too 
viscous. 

Before passing to a description of instruments 
of this class designed almost exclusively for use with 
air we may notice two forms of water meter. 

Stanton’s Orifice Meter.—A useful form of water 
meter for laboratory purposes is that shown diagram- 
matically in Fig. 3; it was used by Stanton in his 

on heat transmission, in 1897,* and was 
su em by Stanton and the writer 
for similar work in 1914. 
The water is supplied to the meter through a tube 








* Phil. Trans., Royal Society, A. vol. cxe, page 72. 


calibration figures and show that the results for the 
different orifices may be compared on a basis 
deduced from the principle of dynamical similarity. 

The Venturi Meter.—A simple device which has 
been used very extensively for water flowing in 
circular pipes is that known as the Venturi meter ; 
it was invented in 1881 by Clemens Herschel, and 
is shown diagrammatically in Fig. 4. This meter 
requires calibration, but the conditions under which 
it works are well understood, as it depends for its 
action on Bernoulli’s theorem. 

If the potential energy of the stream is constant 
we have p/W + V?/2g =a constant, where p is 
the pressure, W the weight per unit volume of the 
fluid, V its velocity, and g the acceleration due to 
gravity ; the first term is the head representing the 
pressure energy and the second that corresponding 
to the kinetic energy. Calling the cross-sectional 
area of the pipe A and that of the throat a, and 
neglecting the loss due to friction, we may write : 


29 (pa — Pa ) 
Ay 
way) 
In practice allowance is made for frictional losses 
placing a constant before the square root, 


and it is this constant which must be determined 
by experiment. The dimensions commonly in use 


V= 
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(pa — Pa) may be measured on a mercury U-tube 
or an inverted water U-tube; for very small 

a three-liquid National ical Labora- 
tory manometer (to be described later on) would be 
suitable. Satisfactory apparatus has also been con- 
structed for recording continuously the variations 
of against time. 

The Dines Anemometer.—One of the oldest and 
most extensively used tube anemometers 
is that known as the Dines tube. This head was 
designed by Mr. W. H. Dines in 1862* for measuring 
the velocity of a natural wind, and a typical instru- 
ment of modern type is shown in Fig. 5. The head 
consists of a pitot tube, which is set to the wind by 
means of a vane, and a suction tube the pressure in 
which is not affected by variations of wind direction 
in a horizontal plane. Two concentric tubes 
having a small clearance between them form the 
suction side of the head, the outer tube being pierced 
by a number of small holes into which the wind 
blows. There is a considerable reduction of pressure 
in the annular space between the two tubes, the 








difference of about 0-7 p V*, against 0-5 p V* for the 
National ical La head. It may be 
seen from the figure that the pitot and suction tubes 
are quite separate from each other, the suction 
tube being placed inside a hollow cone; a plate is 
placed almost in contact with the back of the cone, 
and a low pressure is produced in the space between 
the two. 

A head of this form, together with an “ Ogilvie” 
head (described below), was calibrated in water in 
the ship tank at the National Physical Laboratory 
up to a maximum speed which, comparing on a 
basis of dynamical] similarity and allowing for the 
fact that the ratio of the kinematic viscosity of air 
to that of water is about as 14 to 1, was equivalent 
to more than 200 ft./sec. in air, The heads were 
also tested in the air channel, and the 
difference was found to vary as the square of the 
speed with considerable accuracy over the whole 
range of the experiment. 

Another device by means of which a considerable 
suction can be obtained is a tube in the shape of 





amount being usually such that the pressure 





Venturi tube, shown in Fig. 4, the suction hole 
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aero flyi and the modern tendency is 
to revert to tu difference 


in which the 
be ¥" toe bisilé (hove the great 
that, if certain simple precautions are 
pou @obm can be relied my read accurately 
+ V*, and individual tubes do not require eom- 
n with a standard. 

A head of this type which has been extensively 
used is the “ Ogilvie,” shown in Fig. 7. In this head 
the static pressure holes are 1-8 in. (3-6 diameters) 
from the mouth of the pitot tube. Calibration of 
this head showed that the speed deduced from its 
indications was about 1 per cent. high, a defect 
which could probably be remedied by increasing 
the distance from the mouth of the pitot tube to the 
static pressure holes to say 2-5 in., (5 diameters). 
On many aeroplanes at the present day the anemo- 
meter heads consist of separate pitot and static 

tubes placed an inch or so apart and 
attached to one of the forward struts well clear 
of the body. It may be noted in passing that no 
convenient position has been found on an ane 
in which the head can be placed where it will be 
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difference for this type of head is some 50 per cent. 
greater than in the National Physical Laboratory 
standard anemometer head. This low pressure is not, 
however, without some disadvantage as the amount 
of the suction appears to be very sensitive to small 
changes in the dimensions of the head, particularly 
as regards the width of the annular space inside 
the suction tube and the diameter of the holes. 

This sensitivity to small variations in dimensions 
has led to the calibration of the majority of these 
instruments, and the author understands that a 
maximum variation of 4 per cent. in the pressure 
difference at. a given speed is tolerated by the 
Meteorological Office. In the more recent types of 
head in which the width of the annular space is 
usually greater than 0-1 in., the heads appear to be 
reproduced with sufficient accuracy for variations 
in their calibration to be negligible. 

A special recorder (which will be presently 
described) has been designed for use with this head 
by means of which a trace is obtained showing 4 
continuous record of the. variations of wind velocity, 
and enabling an estimate of the gustiness to be made. 

The pressure tube anemometer has been used 
in many forms, and a few ago, when the 
pap atie of portable indicators was in its infancy. 
it was an advantage, particularly for use on aircraft, 
Yt a head. pent 0 ed in SER ber aoa ak 4 
suction tube such as that of the Dines head, a greater 
pressure difference was obtained for a given velocity 
than in the National Physical Laboratory type of 
head. For this reason the “Clift” head, shown 
in Fig. 6, was constructed and gave a pressure 


being drilled at the narrowent 
section ; an ordinary pitot 














tube which may be placed in 
the free stream, constitutes 
the high-pressure tube. An 
arrangement of this kind is 
largely used on American aircraft, for measurement 
of velocity, the high pressure difference (about 
1.5 p V*) enabling a low sensitivity manometer to 
be used 

The design of Venturi tubes for measurement of 
air velocity has been investigated in considerable 
detail by Toussaint and Lepere*, who describe a 
double Venturi tube in which a small Venturi tube 
is placed inside a larger one, the outlet of the small 
tube being at the throat of the large one. A reduc- 
tion of pressure below the static of about 17 times 
4p V® was obtained by the present writer with 
such @ double tube at 50 ft./sec.; at higher speeds 
a still larger relative reduction would be obtained. 
This plan has been extended to the use of three 
tubes, one within the other. By. .e,, suitable 
arrangement of the Venturi tubes a greater pressure 
difference can be obtained for a given velocity 
than by any other apparatus known to the writer. 
The chief disadvantages of the device are the 
marked effect of any irregularity or change in shape 
of the Venturi tube on its i the 


in the suction tube. 

As, however, more experience has been gained in 
the manufacture of air indicators it has 
been possible to obtain ample sensitivity at normal 





* Quarterly Journal of Royal Met. Soc., vol. xviii, 





page 168, 


* Bulletin de I’ Institute Aerotechnique de !’ Universite 
de Paris, Fase III, 1913. 
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variation from the “square law” of the pressure | steel 


Fig. 7. Ocrtvre ANEMOMETER Heap. 


unaffected by disturbance of the air due to parte of 
the machine. The error, which is determined by 
flying the machine over a measured course, will not 
in general exceed about 3 per cent. on the speed. 


(To be continued.) 





Maoxet Sreevs.—A good deal of research work on 
t steels has been conducted at the Reichsanstalt 
during the war ; only of it has, so far, been published 
in the Wissenschaftliche Abhandlungen. One of the 
points investigated is the substitution of chromium 
steel for tungsten steel. Bar m te of chromium 
steel, stored for a year without being exposed to any 
disturbance, kept their magnetic moment constant 
within 0-3 per cent. and less; in all the cases the 
changes observed were within the limits of the experi - 
mental error in the second half of the year. As regards. 
constancy to heat variations and concussions and 
temperature coefficient the chromium steel proved equal 
to t m steel; in coercive force and remanence the 
best ‘um steel did not come to the best 
tungsten t of 


steel. The temperature 
pacresic moment diminishes wth increasing content of 
cent. carbon steel. T 
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BRITISH SUBMARINE BOAT BUILDING 
DURING THE WAR. 


Mzssrs. Vickers’ achievement in submarine 
construction during the war is one of which the 
firm has reason to be -four 
submarines of all classes have been built and com- 
missioned in a period of fifty-one months of war, 
and are detailed as follows :— 

“EB” class 
“V" class 
“G”’ class 
“K” class 
“N” class 
“HH” class 
“L” class 
Other types 


Total 


Ot Yhnbo honta, oll txsepe “VW” on 
were built to Admiralty 


— 


— 
VSoorsaaorta 


=| 


30,000 miles to her credit before it was necessary for 


her to undergo 4 refit to her propelling machinery. 
As sea-going boats 


bridge 
built over the conning tower made easy to 
navigate in even the roughest weather. This 
advantage is the more when it is under- 
stood that only in the weather could a “B” 
or “C” class boat cruise on the surface with open 
hatches. 
The overall length of the “E” class is 181 ft., 
beam 22 ft. 7 in. over the side tanks, and the dis- 
placement when submerged is 780 tons. As regards 
armament, five 18 in. diameter torpedo tubes are 
carried, two in the bow, two on the broadside, and 
preity Each tube is provided with one 
—o us making a total of 10 torpedoes 
vessels have been fitted also with guns 
of various types, but a tabulated statement would 
give full particulars of these. 
of action at a cruising speed of 10 knots 
is 3,225 nautical miles, with a total oil fuel i 
of 42 tons. A surface speed of 15 knots is obtained 
by twin screws which are each driven by a Vickers’ 
eight-cylinder heavy oil engine of four-cycle 
ee ee oe 
. The motors, for use when submerged, 


if 


horse-power 
are of the Vickers’ single-armature open type, each | quali 
resulting 


420 brake horse-power, and 
ina of 10 knots. The power for the motors 
is stored in two se 


provided 
57 bottles stowed about the pressure 
SPs Sonn tat Doatioo thane” 


British “Admiralty in exactly 
eight months; whilst a otic of six, including the 


above, was commissioned in thirteen months from 

the date of verbal Admi instructions to 

with their construction. During the in which 

beter ape tas eek “E” class construc- 

tion, they were also devoting considerable attention 
to a new type of submarine in which the principal 
idea was the provision of a complete double hull. 

The “G” class, illustrated by Fig. 3, on Plate XIV, 

followed upon the Vickers’ “V” design, to which 

reference will be made later. This is of increased 
size and armament. The “G” class (of which 

Messrs. Vickers constructed six) is 187 ft. long, 

22 ft. 8 in. beam with a submerged displacement 

of 840 tons. These dimensions follow the single- 

hull “E” class very closely, but with increased 
displacement consequent on the addition of the 
double hull. The full surface speed of these vessels 
is 154 knots, obtained by twin Vickers’ heavy oil 
engines, each developing 800 brake horse-power. 
The full speed submerged is 10 knots, the motors 
working at 420 brake horse-power each. The 
armament of the “G” class consists of two bow 
and two broadside torpedo tubes, 18 in. diameter, 
and one stern tube, 21 in. diameter, with a spare 
torpedo for each tube. The guns are two in number, 
situated on the superstructure at either end of the 
conning tower casing, one being of the disappearing 

type 3-in. Q.F., and the other 2-pdr. H.A. 

To augment the submarine fleet as quickly as 
in the early months of the war, Messrs. 
placed the resources of their Canadian 

establishment at Montreal at the disposal of the 

British Admiralty. As a result of this arrangement 

10 submarines of the “‘H” class were added to the 

service. These were designed by the Electric Boat 

Company, of America, and were sister vessels to some 

of the later submarines in the United States Navy. 

They formed a very handy type of small submarine, 

and did useful work in the Adriatic as well as in the 

North Sea. Their seaworthiness was fully proved 

during the voyage across the Atlantic. In Decem- 

-ber, 1916, the Admiralty placed an order with 

Messrs. Vickers for 12 boats of the “H™” class, 

modified slightly from the American design to 

accommodate heavier torpedo equipment, and 
wireless y gear of a much higher power 

These are illustrated by Fig. 2,on Plate XIV. Their 

length overall is 171 ft. 9 in., beam 15 ft. 9 in., and 

submerged displacement 510 tons. They have a 

speed of 13 knots on the surface, and 10 knots 

submerged. Twin screws are fitted, and the engines 
develop 480 brake horse-power. The electric motors 

have a total normal shaft horse-power of 640. 

The chief feature in this class is the very powerful 
to equipment in relation to their size. Four 
2l-in. torpedo tubes are arranged in the bows, 
and six torpedoes are carried. As in the case of 
vious classes Messrs. Vickers were entrusted 
with the first boat of the “‘H ”’ class, the experience 
of their designing and constructive staffs making 
them eminently suited for pioneer work of this kind. 

A class of “J” boats were built in the dock- 

and had each three sets of Diesel engines 
by Messrs. Vickers. These were the fastest heavy 
oil-engined vessels in the world. 

The “L” class combines in design the best 

ities of other boats, but with increased speed. 

The “L” class with others are shown in the en- 

graving, Fig. 5, on Plate XV. These three vessels 

were delivered simultaneously—an incident which 


brought to the firm a special note of congratulation 


from the Admiralty. 

The circular single hull is used with the side 
tanks as in the “E” boats, but the stern is a 
modified and improved arrangement of the stern 
fitted in another class. The length overall is 238 ft. 


6 in., being 57 ft. longer than the “E” class. 


total submerged t is 1,090 tons. 
Diesel is of a more powerful type 
previously The twin screws are worked 
four-cycle, 12-cylinder oi] engines and develop 
total of 2,600 brake horse-power, which results 
@ surface speed of over 17 knots. Motors for 
are fitted to both shafts, and 
brake horse-power of 1,600 a speed of 

maintained. The auxiliary 
includes two high-pressure air com- 








the inverted water-cooled type, each 


capable of delivering per hour 22-5 cub. ft. of air 
compressed to 2,500 Ibs. per square inch. 

The equipment in this class consists 
of four 2l-in. tubes in the bows, and two 18-in. 
tubes in the broadside room, with a spare torpedo 
for each of the tubes. A 4-in. gun is mounted on 
the superstructure just forward of the bridge and 
conning tower. Very large angles of training are 
obtained by the use of a revolving platform which 
moves with the gun. A novel feature is the night 
periscope which is fitted in addition to the ordinary 
instruments. This enables the boat’s crew to keep 
@ more effective watch at night. 

As the submarine requirements of the Allied 
Grand Fleet increased, it became necessary to have 
a type which, whilst still retaining the ordinary 
functions of the submarine, could yet maintain 
its station with the fleet when These 
requirements were embodied in the design of the 
“K” class, of which Messrs. Vickers were entrusted 
with the first ship of the type, and also five others. 
The class is illustrated by Figs. 6 and 7 on Plate XVI, 
the latter view showing K 3 ing at full speed. 
These vessels have a displacement when submerged 
of 2,570 tons, 339 ft. long overall, with a 
beam of 26 ft. 8 in. The double hull principle 
is embodied in a modified form, and the ends of 
the boat which might be damaged without endanger- 
ing the immediate safety of the boat have only a 
single hull at the sides. Their is 24 knots 
on the surface, the power being obtained from twin 
sets of geared steam turbines, which develop a 
shaft horse-power of 10,500. Steam is obtained 
from two of the Yarrow type with a working 
pressure of 235 Ibs. per square inch. The funnels 
are arranged to hinge down when for 
diving; water-tight hatches cover the funnel 
openings as the funnels hinge’ back. The turbine 
machinery is supplemented by an 800 brake horse- 
power heavy oil engine of the Vickers submarine 
type, which is coupled up to a dynamo of the open 
single armature design. This arrangement enables 
the turbines to. be reserved for higher speeds only, 
whilst the dynamo, in addition to charging batteries, 
supplies the main motors with power for cruising 
at economical speeds. For submerged work the 
motors develop a total horse-power of 700 per shaft, 
being in tandem on each shaft, and give 
a speed of 9 knots. The motors drive the shafts 
through helical gearing. The storage battery 
for the use of the motors is divided into three groups 
of 112 cells per group. 

Owing to the very exacting duties required of 
these boats, additional protection for the navigating 
officer and quartermaster is provided in the form 
of a deckhouse built over and around the ordinary 
conning tower. The periscopes fitted into these 
boats were the longest which at that time had been 
made for the British Navy, having a length of 30 ft. 
from eye-piece to head-piece. Another important 
accessory is the long-distance wireless telegraphy 
installation, enabling the commander of the sub- 
marine to keep in touch with his naval base when 
operating at great distances from it. The aerial 
is carried on telescopic masts, which can be raised 


pressure and two high-pressure 
air compressors, with air bottles stowed in various 
positions about the vessel contiguous to their work. 


The beam over the side tanks is 23 ft. 6 in., and | work. 


These vessels are a departure from the ordinary 
type in that they are self-contained units of the 
fleet, and do not rely upon a parent ship as is the 
case of “E” and other classes. Their ances 


work, the fastest in the world. 
The other vessel illustrated on Plate XVI is the 
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“V” class (Fig. 8). This type was introduced 
at an earlier date as a result of tank experiments 
by Messrs. Vickers in which several forms of hull 
were tried. Four vessels of the “V” class were 
ordered by the Admiralty from the firm. The 
principal dimensions are length overall 147 ft. 6 in., 
beam of outer hull 16 ft. 3 in., and submerged dis- 
placement 460 tons. Twin sets of Vickers heavy 
oil engines are fitted developing 450 brake horse- 
power each, from which a surface speed of about 
13 knots is obtained, the engines being of the four- 
le vertical single-acting with eight cylinders. 
When submerged a my A speed of 8} knots 
is obtained from two motors each developing 
190 brake horse-power. The storage battery con- 
sists of 132 cells arranged in two groups of 66 cells 
each. The torpedo equipment of these boats 
consists of two 18-in. diameter bow tubes and two 
8 to oes. 
rifacdsting submarines are a logical outcome 
of the war, and several of the “E” and “L” 
classes were equipped as such, The mines are 
loaded into vertical tubes which pass through 
the external tanks. Mechanical gear is fitted 
for both locking the mines in position and for re- 
leasing them when required. 

On Plate XVII we give engravings of two typical 
Vickers’ heavy oil engines, built for submarine boat 
propulsion. Fig. 9 illustrates an eight-cylinder 
reversing engine, and Fig. 10 a 12-cylinder non- 
reversing, as used in many British submarines. 
This latter is a development of the six and eight- 
cylinder engines fitted in “D” and “E” boats, 
and in its details embodies the requirements of 
the service as ascertained by years of hard sea use. 

The Vickers’ engine being the standard for the 
British boats, the existence of spare gear stocks 
all over the world prevents any radical departure 
in the design of the principal parts, but never- 
theless, in developing the reversing design, it was 
possible to make the main parts interchangeable 
with the non-reversing type, and at the same time 
to make the weight less than that of the non-reversing 
engine of the same power and cylinder dimensions. 

The construction of both engines is similar, so 
that in this respect one description suffices. The 
cast steel main bearing girders are connected 
longitudinally by forged beams. There are plate 
columns between the cylinder covers and the main 
bearing girders to relieve the cylinders of all vertical 
stress. 

A cast-iron liner is dropped into a sandwich plate 
between the covers and columns, and is thus 
free to expand downwards. A jacket of steel plate, 
corrugated for expansion, is fixed to the sandwich 
plate at the top, and is fitted with a sliding joint 
at the bottom between the jacket and the liner. 
Thrust reactions are taken by snugs butting against 
the bottom of the liner where it passes through the 
top plate of the crank-case. This top plate serves 
to tie the columns together. 

The cylinder covers are of cast steel of simple 
construction, secured to the sandwich plate and 
to the columns. The joint is made by a cast-iron 
ring ground into grooves in the liner’and in the 
cover. Water connections between the jacket and 
cover, consist of tubes through the sandwich plate, 
passing into holes in the bottom of the cover, water- 
tightness being secured by soft packing rings 
around the tubes. No submarine engine cover has 
been known to fail in a Vickers’ engine. 


The valve boxes are water cooled by water from 
the cover. This water, in the case of the exhaust 
valve, passes into the jacket of the exhaust bend. 
The valves are of nickel steel, and the exhaust valve 


sheet casings, and is ventilated by suction 
the induction header, non-return valves 
tted in the suction pipes to eliminate any 
ibility of a backfire into the crank-pit. The 
e-named features are common to both engines. 


rf 





We come now to points of difference between the 
two engines. The 12-cylinder engine has the inlet and 
exhaust cams on a lower camshaft actuating the 
valves through push rods. The upper camshaft carries 
the fuel cams and drives the fuel injection pumps, one 
to each cylinder. This separate design is 
that originally preferred by the a but the 
spray valves have proved themselves such accurate 
means of regulating the fuel injected that a common 
fuel supply is now finding favour, and this is fitted 
in the reversing design. In this latter case the fuel 
is pumped into a common main from which are 
branches leading to the separate cylinders. No 
gags are required, as for air injection engines 
with a common fuel supply. This common supply 
pump is a four-throw pump driven by spirals from 
the end of the crankshaft. In the 12-cylinder engine 
the pump discharges may be connected at will, 
thus resulting in running on the “common rail” 
system as used in the eight-cylinder engine shown. 
The use of the common pump permits of one cam- 
shaft only in the reversing design. This shaft 
carries all cams, the air-starting cams being at the 
ends of the engine. The short push rods for the 
inlet and exhaust rods are pulled away from the 
cams by the rotation of a fulcrum shaft, after which 
the camshaft is slid longitudinally, and the push 
rods are then replaced upon the cams for running 
in the opposite direction. The fuel and air cams 
are bevelled, permitting the camshaft to slide 
without their tappets being lifted. All reversi 


The eight-cylinder engine control may now be 
described. The large hand wheel seen in the view 
is for reversing, and a small hand wheel interlocked 
with the first wheel first admits air to all 
then fuel to four cylinders, then fuel to the second 
four, and shuts off air. A further turn stops the 
engine by shutting off fuel. The pump is 
controlled by a small lever regulating the 
point of the suction valves. The large upper lever 
controls the spray valve i 

All cylinders in both engines are 14} in. diamete: 
by 15-in. stroke; and each easily develops 100 brake 
horse-power at 380 r.p.m. Powers up to 50 
cent. in excess of this have been obtained at higher 
speeds, but a conservative rating has been followed 
by the Admiralty authorities. It is plain that high 
ratings must result in reduced durability, and the 
consistently steady running of the British sub- 
marines year in and out appears to point to the 
soundness of this policy. 

The injection is of the Vickers’ mechanical 
system, no injection-air compressor with its weight 
space, complication and danger being required. 
Air compressors, however, periect the design, are 
considered the most troublesome parts of Diesel 
engines and in high duty engines, the supply and 


control of the high- air is a serious problem. 
The system consists simply of a high- pump 
supplying the fuel to a main, from w a definite 


amount is admitted each firing stroke by a 


ersing | measuring valve in the cylinder head, and passes 


is carried out by hand, it being desirable to avoid 
servo-motor gear, which generally gives trouble after 
some time at sea. 

The 12-cylinder engine has the standard spray 
valve with external gland. The reversing engine has 
a flooded valve, in which the spindle does not 
project through a gland, but is actuated by a bell 
crank, the rotating shaft passing through a gland 
in the side of the valve-box. Both types give 
equally good results, and choice is made according 
to the ease of adaptation to the valve mechanism. 

In each case the engine is started by air. The 
air is admitted in correct sequence by tappet valves 
with a spring and a balance piston upon them. 
By this means the valves are lifted off the cams 
when the air master valve is closed, and they only 
come into action when starting or reversing is 
required. The air passes to each cylinder through 
a non-return valve on the cover. The mechanical 
injection is so safe in its operation that there is no 
necessity to shut off air before admitting fuel. 
In the reversing engine it is arranged that the 
starting wheel shuts off air when all cylinders are 
on fuel, but in the non-reversing type the two are 
not interconnected. No cylinder relief valves are 
necessary for these engines, although in the reversing 
engines, such are fitted to comply with the standard 
specification. The fact that the British submarine 
engine has no cylinder relief valves is practical 
evidence of the strength of the parts and of the 
safety of the injection system. 

The control is different in the two engines. We 
may describe first that of the 12-cylinder engine. 
One hand wheel in the centre controls the 
of all of the spray valves. Individual cylinders 
can be put in or out of action by the handles at 
each cylinder. A second hand wheel controls the 
output of the fuel pumps by sliding a shaft upon 
which stirrups moving the scroll cams actuating the 
suction valve of each pump are mounted. The hori- 
zontal wheel advances or retards the injection by 


. | moving vertically a coupling in the vertical ghaft. 


This coupling is free to slide vertically on one part of 
the shaft, but drives the other through inclined keys. 
By this gear the upper camshaft can be rotated a 
few degrees relatively to the crankshaft. This gear 
is a refinement, enabling the spray cams to be set 
with great convenience to meet any conditions of 
fuel or load-speed ratio, which may vary con- 
siderably in a submarine charging when running on 
the surface, and it is not fitted to the reversing 
engine in which the duration of the injection is so 


by | related to the first instant of injection throughout 


the range of control that automatic regulation 
sufficient for satisfactory running in all ordinary 
conditions is obtained. An emergency stopping 
valve is also fitted to the 12-cylinder engine, which 
releases the pressure from the rail. 


to a simple spraying nozzle. The is con- 
trolled by varying the duration of the opening of 
the spray valve, and at the same time adjusting the 
pump to the pressure required. Years of trial have 
been ni to obtain the results now given, but 
in its present development the injection is reduced 
to the simplest possible terms. The result is a 
system which can be run with little previous 
knowledge and with a minimum of attention or 
danger due to carelessness in adjusting. The con- 
sumption per brake horse-power is about 0° 4 Ib. per 
hour, figures as low as 0-381 at full power on 
official trials independently recorded being obtained, 
even in war time hurry of delivery. 

One or two points in the design may be noted. 
The first is the extreme accessibility gained by 
the plate column construction. This renders it 
possible for engines to be maintained and refitted 
by ship or depot staffs without calling in dockyard 
or manufacturers’ assistance. The second is the 
conservative rating and stresses. Thereby extreme 
durability is obtained and serious breakdowns are 


with the rating and stresses allowed. The Vickers’ 
construction is in principle a very light one, and 
even with the low rating results in a weight per 
brake horse-power of 58 lb. for the bare 
calling the power 1,200 for the 12-cylinder 

This weight is reduced to below 50 Ib. if the power 
be taken as 1,400 h.p., which is easily 

and would be very materially decreased if the 
speed were increased to the high figure of 1,323 ft. 
per minute, as is obtained in some of the German 
“OU” boat engines. The third notable feature is 
the avoidance of 


during repair, = 

Finally, are simplicity and safety. All adjust- 
ments are obvious and readily carried out, and the 
abolition of the air com renders the engine 
particularly simple to understand and to run. 


merger pling tein Jesurnyenr derail PY: «em 
consists of two sets of single geared steam 


turbines and two boilers of the straight-tube three- 
drum type, having a pressure of 235 Ib. 
per square inch and arranged for burning oil fuel. 





Each set of turbines consists of one high-pressure 
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and one low- cylinder, both turbines driving 
the main line of shafting by double helical gearing. 
An astern turbine is be ted in my at 
pressure turbine. The full power ahead shaft s 

is 400 r.p.m., the corresponding turbine speeds 
being, high pressure 3,500 and low pressure 2,800. 
The main motors, which are in the wings of the 
ship, somewhat above the shaft centres, are also 
connected to the propeller shafting double 
helical gearing, the ratio in this case being 2 to 1. 
The turbines can be declutched from the line of 
shafting when desired, while clutches are also fitted 
between the main motors and the shaft line. This 
latter set of clutches must be disengaged when the 
main shaft is running at above 220 r.p.m., and this 
unclutching is carried out by hand or automatically 
by governor gear. The turbines are installed in a 
separate compartment, watertight bulkheads being 
provided at the forward and r end of the com- 
partment, with two doors in the former, one for 
access to the boiler room and the other to the main 
passage way to the forward part of the vessel; and 
one door in the aft bulkhead leading to the motor 
room. 

The boiler room contains, in addition to the 
boilers, the feed pumps, oil-fuel pumps, heaters and 
filters, and forced-draught fans, the latter being 
driven by impulse steam turbines. A hinged funnel 
is ided for each boiler, arranged so that it may 
be lowered into the superstructure and the opening 
closed by a strong steel cover, both operations 
being performed simultaneously by means of an 
electric motor placed in and operated from the 
turbine room. In later boats a hydraulic semi-rotary 
engine is used. Asa precaution against accident in 
the event of the funnel covers being damaged, an 
additional valve of special design is fitted on the hull 
of the vessel at the base of the funnel uptake. 
The covers for making watertight the air vents 
in the boiler rooms are hydraulically operated from 
the boiler room. In later boats of the class these 
covers are in duplicate. Arrangements are 
vided for shutting off the supply of oil fuel to the 
boilers before the funnel opening can be closed. 
The turbines, boilers and all hot surfaces are care- 
fully and thoroughly lagged with incombustible, 
non-conducting material, with the object of reducing 
the ‘temperatures in the engine room and boiler 
room to a minimum, and an efficient system of 
ventilation is provided throughout the machinery 
compartments. 

For cruising, it is possible to use an eight-cylinder, 
800 brake horse-power oi] engine of the submarine 
type. This engine drives a dynamo which can 
be used for charging the batteries and for driving 
the ship at cruising speed by electrical transmission 
to the main motors. The auxiliaries for the oil 
engines are on the same lines as those fitted in 
ordinary submarine practice. 

The auxiliary machinery in the ship is of the usual 
pattern for submarine service, though somewhat 
larger in cases. Two compressors are fitted for 
ooereing the 2,500 Ib. high-pressure air bottles, 
of which over 100 are fitted in the vessel. One of 
these compressors is motor driven and the other is 
direct driven from the end of the generator shaft. 
Two low-pressure air compressors are fitted for 
supplying air for blowing the water from the main 

last tanks when the vessel has broken surface. 
Two three-throw double-acting reciprocating bilge 
pumps, driven by electric motors, are also fitted 
for pumping the tanks and bilges. The telegraphs 
are of the ordinary mechanical type fitted with 
electric bell replies. 

A special feature of these boats is the fitting of 
hydraulic power for various operations, such as 
working vent valves in the ballast tanks, air intakes 
in the boiler room, and the raising and lowering of 
the periscope rams and wireless masts. In the 
later boats this system is also applied to the funnel 
covers. The steering gear, and also the forward and 
after hydroplane diving gears, are operated by 
means of motor-driven Variable-Speed Gear Com- 
pany’s h lectric units, one for each service, 
control in the control room. 
Hand gear is fitted in each case for emergency use. 
The steering gear itself is of the usual submarine 


screw-gear 
The Porirard by rtiiice are of the housing type, 





the planes sliding inboard along the shaft into the 
superstructure to protect them from heavy seas 
and during high-speed running on the surface. This 
operation is effected by hydraulic power, but hand 
emergency gear is also fitted. 

The torpedo equipment of these vessels consists 
of four 18-in. torpedo tubes in the bow and four 
18-in. broadside tubes. In later boats of the class 
the bow armament equipment consists of six 21-in. 
torpedo tubes. 

This history of submarine boat and engine design 
and construction when carefully examined, shows 
that the underlying principle has always been the 
carrying of weapons of offence. The torpedo is the 
weapon which has naturally developed as the 
submarine’s pment on account of the 
ease of firing when the boat is either submerged 
or awash. But guns of increasing calibre are being 
adopted. 





EARTHQUAKE WAVES AND THE 
INTERIOR OF THE EARTH. 

EARTHQUAKES are violent disturbances of the 
Earth supposed to originate in an Earth’s crust, 
not more than 40 miles in thickness probably, at 
some unknown depth below the so-called epicentre. 
The earthquake waves set up may travel in all direc- 
tions by various paths, either keeping near the 
surface in arcual paths, or passing more or less 
straight through the centre along chords; hence 
arcual and chordal distances are distinguished. 
Many earthquakes seem to originate in the sea 
near coastal ranges; they are believed to be con- 
nected with geological faults. From the intensity 
and uliar character of the local destruction 
the origin or epicentre may sometimes be established 
with fair certainty ; at different stations the earth- 
quake rays arrive at different times, and observa- 
tions are made mostly with the aid of pendulums of 
the horizontal and vertical types. As a rule two 
horizontal booms are set up, one in the east-west, 


pro- | another in the north-south direction, so that the 


N-S and E-W components can be separately 
determined. Such a boom hardly ever keeps 
quiet, and its trace hence is not a straight line. 
For the Earth’s crust is constantly disturbed, by big 
concussions somewhere which are felt all over the 
globe, or by minor subsidences, rains, heat, or 
merely the traffic. 

When an earthquake curve or seismograph is 
examined we can generally distinguish two 
parts in the seismograph, the preliminary tremor 
and the large wave; these terms are due to the 
pioneer of earthquake study, the late John Milne. 
Thus there are two beginnings in the curve; but 
they are by no means always distinct. Milne 
first pointed out that the length of the pre- 
liminary tremor P T increased with the distance 
from the origin. In some cases the distance 
corresponding to a P T lasting 4 minutes, e¢.g., was 
actually known; when in another case a PT of 
4 minutes was observed at A, the origin would be 
somewhere on a circle described about A with a 
radius of that distance ; when similar observations 
were available from B, the two intersections of the 
two circles would give two possible origins. In the 
most perfect instruments of the late B. Galitzin 
the E-W and N-S components appear on the same 
sheet, and the vertical component of the movement 
is also recorded; in that case the study of the 
three curves obtained at one station is sometimes 
sufficient to determine the origin. But the inter- 
pretation of the curves is very difficult; the 
determination of the angle of emergence of a wave 
cannot be made with accuracy, the vertical com- 
ponent can hardly be separated from the horizontal 
movement, and hence the observational basis for 
the study of the propagation of earthquake waves 
is very uncertain. That study has, however, a great 
interest because it is practically the only research 
which promises to give us some information about 
the interior of the Earth; our mine shafts and 
boreholes hardly penetrate more than 1 mile into 
the crust of the Earth. It is with this problem that 
Professor 1G. Knott, D.Sc., general secretary 
of the Royal Society of Edinburgh, dealt in his 
— Institution discourse on “‘ Earthquake Waves 

the Interior of the Earth” on Friday, the 14th 
inst. Professor Knott was with Milne in Japan; he 





conducted the magnetic survey of Japan in 1887, 
and has been connected with seismic ever 
since those days, rather as a mathematical physicist 
than as an observer, however. 

In the seismographic records of large earthquakes, 
outside their areas of large destruction, two phases 
can generally be distinguished in the preliminary 
tremor, Professor Knott pointed out, the primary 
phase P and the secondary phase 8S. In the large 
wave following the tremor various scientists further 
distinguish other phases; Omori, e.g., speaks of 
five phases. But the Japanese differ from most 
of the European scientists in their assumption that 
the waves all keep within the crust, whilst Professor 
Knott assumes vibrations of three kinds, only one 
of which (the large wave) travels in the crust, whilst 
the other two (the P and 8) pass through the body 
of the Earth. In his lecture Professor Knott 
referred chiefly to the P and S phases. We imagine 
light to be propagated along the shortest paths 
in straight lines; a falling body also takes the 
shortest straight-line path, but when forced to 
follow an oblique path it travels quicker on a 
cycloid than on a straight line. Professor Knott’s 
analogue of the cycloid in the tion of 
earthquake rays is the brachistochronic path, 
i.e., the path of shortest time; the form of this 
path depends upon the manner in which the density 
and elasticity of the Earth vary with the depth 
below the surface. We know nothing as to the law 
of variation of this elasticity and density ; we can 
make assumptions, but the mathematical solutions 
of the formule deduced are exceedingly complex, 
and none of the assumptions made have proved 
satisf . Professor Knott explained how he 
had, on Hamilton’s integral theory, been able 
to draw certain conclusions as to the interior of the 
Earth from the interpretation of seismographs 
without having recourse to any basal assumptions. 

When a rope was pulled, Professor Knott 
remarked, a compressional longitudinal wave 
travelled up and down the rope ; when a twist was 
given to the free end of the rope, another distortional 
or transversal wave was set up. The same types of 
waves had to be distinguished in any elastic medium ; 
the acoustical waves were of the compressional 
or condensational type, sound being propagated 
by a series of condensations and rarefactions. 
The velocities of propagation of the two waves 
depended upon the density d of the medium and 
its two elastic constants or moduli, the incom- 
pressibility or resistance to compression k, and the 
resistance to shear or kinetic rigidity n. In the case 
of the distortional wave the velocity of propagation 


was simply v = Vnjd; for the compressional wave 
the formula was more complex, and the velocity 
V = V(k + $n)/d. Thus the square of the velocity 
always depended upon the elastic constants and 
the density ; but for the compressional wave both 
the constants had to be considered, and the V was 
always greater than the v. The surface waves (the 
large waves) were not reducible to such simple 
expressions because they were not purely elastic, 
gravity, flexual rigidity and viscosity of the in- 
homogeneous crust being also determining factors. 
But for the waves travelling through the interior 
the simple formule might be believed to hold. 
Assuming now that the P and S waves of the 
preliminary tremor were propagated as elastic 
waves through the body of the Earth along brachisto- 
chronic paths, Professor Knott, about 1905, analysed 
the seismic radiations su ing the source of the 
disturbance to be close to the surface of the globe 
and that the speed of propagation would vary only 
with the distance from the Earth’s centre. In that 
case, he found, the waves of highest speed seemed 
to traverse the main (inner) body of the Earth 
with a uniform velocity of 12-2 km. per second, 
but that velocity diminished gradually down to 
6 km. within the crust (of a thickness of about 
one-tenth the Earth radius, 6,380 km.) surrounding 
the nucleus. A still better agreement between the 
observational data and deductions would have been 
obtained by assuming two layers in the nucleus in 
addition to the crust. | coven gp cage te 

satisf: , and two ago, ore, 
or Aa note. started, a2 couguneting with 


Professor Whittaker, on a very laborious calculation 
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based on Hamilton’s integral theory as mentioned, 
discarding all assumptions. 

These calculations led to a modification of the 
figures previously arrived at. Plotting the velocity 
of the P and § as ordinate against the depth, i.e., the 
distance of the wave, which had originated some- 
where near the surface, from the Earth’s centre, 
Professor Knott found that the velocity of both 
P and § increased as the wave front advanced 
deeper into the earth, and that both the velocities 
became nearly constant at a distance of about 
5,000 km. from the centre of the Earth. The final 
constant velocity of P was 12-8 km., that of 8 9-8 
km. ; but the slope of P was steeper than that of 8, 
and the 8 wave bent over sooner than the P wave. 
In the annexed diagram the origin of the earthquake 


Speed in Kilometres per Second. 





em ris Radius in 1000 Kilometres. 


is on the right, the centre of the Earth would be 
to the left on the abscissa, and the figures on the 
abscissa indicate distances from the Earth’s centre 
in thousand kilometres. Both the elastic constants 
k and » might vary with increasing depth and 
density ; if they varied at the same rate, the ratio 
V/v should be constant. But the ratio did not prove 
constant, and it hence appeared that the k and n 
did not vary ing to the same law, the n being 
sooner (at smaller distance) affected than the &. 
The study of the paths of seisthic rays through 
the Earth supported these conclusions. The paths, 
Professor Knott found, were curved for short 
arcual distance between the station and the epicentre, 
the convex side being turned to the diameter drawn 
from the epicentre. With greater distance the 











Paths become more and more chordal; they were 
not really straight, however, not only because they 
bent over at both the ends, but they showed a 
slight change of curvature in the middle fairly 
straight portion. 

Considerations of the distribution of the earth- 
quake energy, Professor Knott continued, were also 
in accord with the main deduction drawn that the 
Earth’s interior was not solid, but contained a fluid, 
or at any rate, non-rigid nucleus. That was an old 
suggestion of the geologists, renewed with special 
regard to Indian earthquakes by R. D. Oldham in 
the very early days of earthquake research. A 
fluid had no rigidity ; the » term vanished, there- 
fore, in the velocity formula. The energy argument 
was the following: If a seismic ray entered a 
medium of different density or elasticity, the ray 
would be refracted, that is to say, the velocity of 
propagation would be changed ; there would further 
be reflection, and there might be total reflection as 
in the case of light, and the refraction and reflection 
would be different for compressional and distortional 
waves. Hence the energy of the wave leaving the 
second medium might appear concentrated or 
dispersed. Professor Knott elucidated these features 
with the aid of two figures which looked like optical 
diagrams. In each a sphere (or hemisphere) of non- 
rigid substance was surrounded by a@ shell of rigid 
material ; optically the sphere corresponded to the 
lens, the shell to the outer oo ee me 
compressional rays originating on the outside of the 
shell fell upon the sphere like a pencil of light rays ; 
their total energy represented 100 per cent. In the 
first diagram the rays were compressional ; 34 per 
cent. of the rays were reflected before entering the 
sphere, and 18 per cent. of these had been transformed 
into distortional rays; 66 per cent. entered being 
refracted downward as by a convex lens ; of the rays 
leaving the sphere 50 per cent. were again bent down- 
ward being compressional, whilst the remaining 
16 per cent. (distortional) were refracted upward. 
In the second diagram of the 100 per cent. of 
distortional rays falling upon the sphere, only 
12 per cent. were able to enter, the rest being 
reflected backward; in the sphere the rays were 
refracted upward as in a concave lens, and only 
8 per cent. were concentrated on the further side 
of the sphere. i 

Thus, the lecturer remarked in conclusion, the 
distortional waves would largely be dispersed 
and reflected back to the points near their origin, 
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only a small portion of them reaching far distances 
across the globe. The conclusions seemed to bring 
us back to the old view that the Earth consisted of a 
non-rigid nucleus of about 0-4 the whole radius, 
confined within a rigid shell of a thickness equal 
to 0-6 of the radius. The phenomena were exceed- 
ingly complex; yet earthquake research alone 
seemed to enable us to investigate the interior of 
the Earth, and if it were not that other claims were 
made upon the resources of the country, he would 
plead for the installation of 20 Galitzin seismo- 
meters in different parts of the Empire. 





Tue Corton Waste TrapE.—The considerable extent 
of the development of the trade of working-up cotton 
waste in Germany is instanced by the figures of e 
of waste from this country to various destinations. e 
figures also point to the competition which firms in this 
country were experiencing in the home market from the 
German manufacturer. This competition was a serious 
one in spite of the distance of the German factories 
from the English markets. The following of 
the export of cotton waste from the United Kingdom, 
quoted in The Board of Trade Journal, speak for them- 
selves :— 


1912. 1913. 1914, 
Destination. Lb. Lb. Lb. 
Germany 31,282,000 35,004,000 18,472,000 
France 12,721,000 13,978,800 7,642,000 
Belgium 10,425,000 11,152,000 6,935,000 
US.A. +» 8,558,000 10,327,000 6,133,000 
Netherlands... 5,886,000 7,520,000 5,450,000 


The waste is made up into low-class materials, s 
cloths, twine, hosiery, blankets and chea loth 
Extensive research sa has been carried out in Gecmpn 
in the ype as to the best means of utilising this waste, 
special machinery has been devised and constructed 
with this object in view. There is a similar and very 
important industry in France and Belgium, and as 
the above ~ may of export of cotton waste from the 
United Kingdom indicate, considerable exports of waste 
for this industry went from this country to France and 
Belgium. The growing hold of Germany on this trade 


was further exempli before the war the fact that 
in the export of waste to Belgium the 
Ge hant was b ing the essential medium 





rman ing 

for ite disposal. That the German i is very much 
alive to the serious position engendered by the disloca- 
tion of its control of the raw material market by the 
war is indicated by reports which come to hand from time 
to time of the attention which the waste markets of the 
Far East have been receiving from German agente, 
No doubt the demand in Belgium and France will be 
very great in the reconstruction period, and it is desirable 
that efforts shall be made to eliminate the influence of 
the German merchant with a vi¢w to ensuring adequate 
supplies of raw material. to our Allies, At the same 
Saney1) Jo $0. he Boge See Che ateae Shen have Bese 
ish the i 
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ERITH-RILEY MECHANICAL STOKERS. 

Tue Erith-Riley stoker has been specially developed 
for working in conjunction with large boiler plants 
installed on the unit system, and one of the latest 
examples is the installation of large-unit stokers at 
the Bow Power Station of the Charing Cross, West 
End and City Electricity Supply Corporation, Limited, 
fitted to the Hornsby vertical-type water-tube boilers. 
The leading particulars and an illustration of this 
boiler will be found in Enarvezrine of January 12, 
1906 (vol. lxxxi, pages 63 and 64). 

At the power station just named the settings and 
grates of these boilers were originally arranged for 
hand-firing ; the mechanical stokers have only just been 
fitted, and under the present system of working each 
boiler is run as a separate unit. The boilers have 
vertical tubes with steam drums at the and mud 
drums at the bottom, with the casing set back and a 
space in the front for the withdrawal of the tubes. 
Each boiler has a total heating surface of 10,850 sq. ft. 
and occupies about 506 sq. ft. of floor space. The 
steam pressure is 180 lb. to square inch and super- 
heaters are included in the equipment. The rated 





evaporation of each boiler is 33,000 Ib. of steam per |. 


hour when fired by hand, but higher duties have been 
obtained; in fact, a pair of the boilers has. easily 

vided under normal working conditions the steam 
or one of the 4,000-kw. Sulzer-Lahmayer sets. 

The boilers were installed in 1904 on up-to-date 
lines, the only additions required to take full advantage 
of the handling of the fuel by mechanical means from 
the point of delivery on site to the discharge of the 
ashes, being the fitting of the mechanical stokers and 
the horizontal distributing screw conveyor on the front 
of each boiler. 

In the |illustrations on page 267, the present e, 
and page 269, Fig. 1, page 267, is a view of the h- 
Riley furnace. with nine retorts—on the boilers at 
Bow 12 retorts are fitted for each unit, but the arrange- 
ment of the furnace is the same—the illustration shows 
(a) the rams, (6) the retorts, (c) the tuyeres, and 
(d) the rocker plates for agitating, crushing and dis- 
charging the ashes. 

The general views, Figs. 2 and 3, show the stoker- 
gear and the method employed for conveying the fuel 
from the down-shoot to the hoppers on the stokers. 
The screw coal conveyor and distributor is required 
in this case, as the front face of the boilers are at right 
angles to the centre line of the boiler-house, 

Fig. 4 shows the boilers in elevation, and gives a 
clear idea of the space occupied by the units, the 
general lay-out of the stokers and the combustion 
chamber, it should be noted that there is no arch 
in the combustion chamber, which is an important 
matter when high-temperature combustion is being 
maintained, and that the firebrick lining on the face of 
the combustion chamber runs straight across and, 
due to its inclination, had to be fixed to the casings by 
special means. 

Fig. 5 shows the front face of the boilers with the 
stoker in position with the motor for driving the 
shaft, the fan and the overhead track for the suspended 
ash truck into which the ashes are loaded direct from 
the ash pits. 

From the illustrations it will be seen that each boiler 
is equipped with its own operating plant, which com- 
_< electrically-driven fan for the air supply to the 

"a variable-speed motor for driving the stoker 
gears, and means for regulating by hand the amount 
of opening of the ash plate. These, with the necessary 

uancts on the stoker gears, are provided to secure, 
independent control of the unit and the economical 
working of the plant and, further, safety attachments 
are introduced to reduce the effect of breakages to a 
minimum. 

The working of the apparatus is simple and easily 
controlled, the coal having been delivered into the 
coal hopper, is fed by the slow-running crankshaft 
from which the rams derive their forward and backward 
motions, into the retort units, the coal is pushed forward 
and rises upwards from the retort, spreads over the 
tuyeres through which the air necessary for combustion 
is delivered; it is coked, and the volatile hydro- 
carbons distilled in the low temperature fuel zone, the 
Nanas mass of fuel rises into the high-temperature 
zone of final combustion, so that the combustion is 
completed within the fuel bed itself, the thick fire-bed 
forming its own combustion arch; by these means 
the heat radiates direct upon the tubes of the boiler. 

The crankshaft also reciprocates the tuyeres and 
the rocking ash-discharging plates, all the motions 
are in unison and continuous, and therefore the bed of 
fuel is being automatically fed forward from its entry 
in the retort to the discharge of the ashes into the 
ash pit. 

e hope that it’mayjbe ible in a subsequent issue 
to give a details of the results obtained through 
the introduction of the stokers on these large boilers. 

The stokers were installed by the Erith Engineering 
©o., Ltd., of 70, Gracechurch-street, E.C. 3. 











ENGINEERING. [Frs. 28, 1919. 


THE ERITH-RILEY MECHANICAL STOKER. 


CONSTRUCTED BY THE ERITH ENGINEERING COMPANY, LIMITED, LONDON. 











Fes. 28, 1919.] 


ENGINEERING. 





THE ERITH-RILEY MECHANICAL STOKER. 


CONSTRUCTED BY THE ERITH ENGINEERING 


FURNACE LINED WITH BEST 
QUALITY FIREBRICK 
STAND HIGH TEMPERATURE 


p / 
Vj 
e SUCTION OF/sREDURE Wn PORACE 


is / eer ~4--< = 
: mee Ria IT 3 


v\ 
\ 


/NSPECTION ASH PLA 
R ' 


r4 7 





EE INTE LO TT CE EY 


ASH PIT 4 


/ 


SASH PIT 


‘ 


re 





ASH TRUCK 


grammes of demands, which, if conceded, even to 
RAILWAY LABOUR CONDITIONS. a small extent, will have the effect of very materially 

Tux Railway Executive Committee are now|increasing the already inflated cost of operation 
engaged in negotiating with the National Union of | of the railways of the country. From time to time 
Railwaymen and the Associated Society of Loco- | we have given in these columns information as to the 
motive Engineers and Firemen in respect of pro-| various concessions which have been made to railway 
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war. The grades concerned 
in the manipulation of traffic have been granted 
war wages which now amount to 33s, a week in the 


| case of male employees of 18 years of age and over, 


and half that sum to boys under that age. These 
war wages were given under the terms of a Truce 
Agreement whereby pre-war conditions of service 
remained unaltered during the war. That agreement 
has been terminated by the trade unions, and the 
problem now is to establish permanent conditions 
of service. In normal circumstances it would have 
fallen to the various railway Conciliation Boards to 
agree what those conditions should be, and in this 
connection we may point out that, whatever may 
be said as to the adequacy or otherwise of pre-war 
rates of wages, it has to be remembered that in 
every case they were fixed by agreement between 
the railway companies and representatives of the 
men. In other words, no single rate of wage was 
arbitrarily fixed by a railway company—indeed. 
during the decade commencing with the establish- 
ment of the Conciliation Scheme in November, 1907, 
the wages, hours and conditions of service of railway- 
men were the subject of arbitration or agreement 
on more than one occasion. Now that railway 
companies are temporarily under Government con- 
trol the negotiations are conducted by the Railway 
Executive Committee on behalf of all companies, 
and the present negotiations are the direct outcome 
of an agreement which was entered into by the 
Board of Trade with the National Union of Railway- 
men and the Associated Society of Locomotive 
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Engineers and Firemen on December 6 last. Without 
reviewing in detail the circumstances preceding 
that agreement, we may say briefly that a pledge 
had been given by the Government to the Associated 
Society of Locomotive Engineers and Firemen that 
on the cessation of hostilities facilities would be 
given them to bring forward an application for a 
reduction of working hours. Upon the signing of 
the armistice a demand was made for the redemption 
of the pledge, and not only did the Government 
concede an 8-hour day to drivers and firemen, but 
extended 1t to all other men engaged in the manipu- 
lation of traffic, who are members of the National 
Union of Railwaymen. The terms of the agreement 
are as follow :— 

1. The principle of an 8-hour day for all members 
of the wages staff has been conceded, and is to come 
into operation on February | next. 

2. All existing conditions of service are to remain 
unaltered pending the decision of a committee, to 
be set up as soon as possible, to review wages and 
other conditions of service of railwaymen in Great 
Britain and Ireland. 

As regards wages and conditions of service, it 
appears that the trade unions pressed for the 
establishment of a negotiating committee and, as 
we have said, the Government requested the Railway 
Executive Committee to take the matter in hand. 

The programme which has been put forward by 
the National Union of Railwaymen is as follows :— 


Wages.—That all advance given as war increases be 
converted into permanent wages. 

Guaranteed Day and Guaranteed Week.—That a 
guaranteed day and a guaranteed week be established 
on all railways. 

Overtime.—That double time be paid for all overtime. 

Sunday Duty.—Between 12 o’clock midnight Satur- 
day and 12 o’clock midnight Sunday to be paid for at 
rate of double time. Sunday duty to be independent of 
the guaranteed week. 

Night Duty.—6 p.m. to 6 a.m. That night duty be 
paid for at the rate of time and a half. 

Piece Work, Tonnage and Bonus Systems.—That all 
piece work, tonnage and bonus systems be abolished. 

Mileage System.—That on those systems where 
locomotive men at present work under a mileage clause, 
120 miles to constitute a day’s work on passenger trains 
and 96 miles on goods trains ; all mileage over and above 
this to be paid for at an equivalent rate. 

Rest.—That the period of rest between each turn of 
duty be not less than 12 hours. 

Hybrid Grades.—That hydrid grades be abolished. 

Standard Rates of Pay.—That conditions of service 
for railwaymen be standardised upon all railways in the 
United Kingdom. 

Management of Railways.—That there be equal repre- 
sentation, both national and local, for this union upon the 
management of all railways in the United Kingdom. 

Fourteen Days’ Holiday with Pay.—That 14 days’ 
holiday with pay be allowed. 


The programme of the Associated Society of 
Locomotive Engineers and Firemen is more 
elaborate, viz. :-— 


Kight-Hours’ Day—TInterpretation.—That no man shall 
be diagrammed to work more than 8 hours for any one 
booking—this 8 hours to be inclusive of all allowances 
from the time of “booking on” to “ booking off” 
duty at the locomotive or electric shed, subject to the 
proviso that when extraordinary circumstances arise, 
such as delays by bad weather, breakdowns, or traffic 
delays, the company must have the men relieved before 
or on completion of the 8 hours from the time of booking 
on duty. ‘The men relieved to then travel to their home 
station. 

All time occupied over the 8 hours on this or any other 
occasion that may arise shall be paid at the rate of time 
and a half. 

Sunday duty to be paid for as double time from 
Saturday midnight to Sunday midnight, this also to 
apply to Good Friday and Christmas Day. 

‘Time and a half for all overtime and for night duty 
between co : a.m. . 

Guaran ay for each time of signing on duty. 
Each day to ov | by itself. , 

Guaranteed week exclusive of all time worked between 
12 midnight Saturday to 12 midnight Sunday. Each 
week to stand by itself. 

That special duties be eliminated, but if such is 
impossible, then the following procedure shall apply. 
Men not booked for regular trains or bookings not 
required for duty between the 12th and 16th hour from 
booking off duty, shall be paid one day’s pay. They 
shall then not be called upon for duty until they a had 
a further 9 hours off duty. 

Rest.—At least 12 hours’ rest between each turn of 
duty at home station. Atleast 9hours’ rest when booked 
off away from home. 

Waaes. 

Enginemen and Electric Motormen.—20s. per day (of 
8 hours) plus sliding scale increase. inemen or 
electric motormen reduced to firemen or electric trainmen 
to suffer no reduction in the above scale. 

Firemen and Electric Trainmen.—l5s. per day (of 
8 hours) plus sliding scale increase. 





Any man working as « fireman or electric trainman 
who been in the service for fifteen years and not 
promoted to engineman or electric motorman, to be 
paid the engineman’s or electric motorman’s scale. 

Firemen or electric trainmen reduced to cleaners or 
electric train gatemen to suffer no reduction in the above 
scale. 

Cleaners and Electric Train Gatemen.—10s. per day 
(of 8 hours) plus sliding scale increase. 

Payment when Engaged on Higher Duties.—Firemen and 
electric trainmen when employed as enginemen or electric 
motormen to be paid as the enginemen or electric 
motormen. : 

Each turn of duty to be recorded and, after completing 
313 turns as such, consecutively or otherwise, or fifteen 
years in the service, whichever comes first, to be paid 
the same as enginemen or electric motormen. 

Cleaners or electric train gatemen when employed as 
firemen or electric trainmen to be paid the same as the 
firemen or the electric trainmen. h turn of duty to 
be recorded and, after completing 313 turns as such, 
consecutively or otherwise, or five in the service, 
whichever comes first, to be paid the same as the firemen 
or electric trainmen. 

Cleaners or electric gatemen, when employed on work 
other than cleaning, firing, electric trainmen or electric 
gotomnsss duties, to receive the wages applicable to the 

uty they are called upon to perform, or their own rate 
of pay, whichever is the highest. 


REGULATION OF ADVANCES AND REDUCTIONS 
ACCORDANCE WITH THE Cost oF LIVING. 

The cost of living during October, 1918, shall be the 
unit. 

Every 10 per cent. increase in the cost of living from 
that date shall warrant a 10 per cent. increase in the 
standard rate of pay, reductions to be on the same 
basis. 

No reduction in the rate of pay shall take place if the 
cost of living falls below the October, 1918, Board of 
Trade returns. 

A memorandum of the cost of living at the date of 
such agreement to be made, the Board of Trade returns 
to be accepted as the basis of future negotiations for 
increase or reductions. 

Special Rent Allowance.—5s. per week special rent 
allowance to be granted to all men in the London area 
and in other expensive industrial centres. 

Mileage Rates.—120 miles on express passenger trains 
to be paid for as one day. 

Ninety-six miles on local pam pod trains and express 
goods trains to be paid for as one day. 

All miles run in excess in either case to be paid for 
at the rate of 10 m.p.h. 

Lodging Allowance.—That lodging away from home be 
abolished, but if through unforeseen circumstances such 
is impossible, each man shall have at least 9 hours, but 
not more than 12 hours, off duty away from home, and 
also receive the following allowances :— 

If lodged at the company’s expense at a suitable hotel, 
4s. per day. If men provide their own accommodation, 
108. 6d, per day. 

Men not to be lodged in places where quietness and 
cleanliness are not maintained, and private lodgings as at 
present existing to be abolished. 

All cases where men are booked off more than 9 hours, 
the men to be paid at the same rate per day as if they were 
on duty. 

Holidays.—14 days’ holiday with pay to be allowed 
to each man after twelve months’ service. 

Meal Times.—That all duties shall be so arranged that 
a@ minimum of 30 minutes shall be allowed for the 
partaking of food between the 3rd and 5th hour of booking 
on duty, without loss of pay. 

Clothing.—That three suits of combination overalls 
be supplied and laundered at the expense of the railway 
management, one top coat, one reefer jacket, and two 
> be supplied—these to be —— annually. 

ginemen, motormen, firemen and electric trainmen, 
who from ill-health or defective eyesight brought about 
by their employment, are taken off the footplate, shall 
be retained in the ir pass Be employment and be paid not 
less than the rate of pay they were receiving when taken 
off the footplate. ; 

All footplatemen and motormen shall be compelled 
to retire from their work after thirty-five years’ service, 
and shall receive not less than two-thirds of their wages 
as & pension on retirement. 

That all rights, privileges, customs, practices, and 
conditions not affected by the aforementioned wages 
and conditions, shall remain in force as heretofore. 


The Associated Society’s programme, which is on 
behalf of engine drivers, firemen and cleaners, 
differs from that of the National Union of Railway- 
men, who also claim to it these grades, and 
we understand that effort has been made by the two 
societies—we hope with success—to come to a 
common understanding. 

It will be ised that an enormous amount 
of detail work must be involved in any attempt to 
standardise wages and conditions of service on all 
railways. There are large and small railways ; 
lines passing through busy industrial centres and 
rural districts, and in our opinion to adopt a flat rate, 
applicable alike in town and country, would cause 
more unrest than it would remove. As a matter 
of fact the railways are suffering under the same 
disability as engineering employers; the flat 
rate war of 338. a week, which corresponds 


IN 





to the craftsman’s 28s. 6d., plus 12} per cent., has 





disturbed the relationship between the different 
grades, and until some authoritative lead is given 
by the Government as to what the minimum rate 
of wages for ordinary labourers should be, it is 
difficult, if not impossible, satisfactorily to erect a 
structure of permanent wages with due allowance 
for the skill of the higher grades of employees and 
for the increased cost of living, particularly as 
regards rent in towns and industrial areas, as 
compared with rural districts. The solution of 
this problem calls for national settlement, and we 
venture to hope a Jead may be given as the outcome 
of the Industrial Conference which has been called 
by the Government. If that Conference results in 
the establishment of a statutory minimum wage 
and a statutory maximum work day or week, its 
labours will not have been in vain. 





CIVIL AERIAL TRANSPORT. 
To THE Eprror oF ENGINEERING. 

S1z,—Mr. Glauert’s letter on this subject in your issue 
of the 21st inst. is one which can hardly be allowed to 
pass unnoticed. 

With reference to his so-called *‘ plea for old dame 
Nature,”’ which is really a plea for the Newtonian theory 
of pressure of air on inclined surfaces as opposed to that 
of Helmholz and Kirchoff, it is difficult to see the grounds 
for his objection to Sir George Greenhill’s statement. 
Iam quite prepared to maintain that “ the position of the 
heavenly bodies to-day is a practical justification of the 
Newtonian theory of gravitation,’’ though I have no 
doubt that they would have been in just the same 
—, if he had died in infancy. If, however, dame 

ature had been content to be guided by the Newtonian 
theory of air pressure, flight would have been impossible. 

In the paragraph following he objects to the statement 
that owing to the diminution of weight, due to the 
consumption of petrol, the range must be multiplied by 

Ww 


His argument is based on the assumption that 





w-P 
the weight, attitude, &c., remain constant (although 
he himself points out that this is impossible) in spite of 
the fact that Sir George Greenhill’s sentence begins with 
the words “‘ But when thisistakenintoaccount . . .” 
the word “ this” referring to the changed condition due 
to the gradual consumption cf the petrol. The increase 
in range will be approximately as stated if the speed is 
kept constant and the other factors varied accordingly. 

is next paragraph begins with a correction which 
is itself in error, since the average weight during the 
flight is only five-sixths of 64 tons, as the weight of 
the petrol varies from 4 W at the start to nothing. This 
leads to K = 83-6 (Sir George Greenhill gives 84 and 
Mr. Glauert 91). 

Your correspondent further states that the air density 
“is not halved until a height of greater than 20,000 !t. 
is attained.”’ The Air Board tables give 18,800 ft. and 
Sir G. Greenhill says ‘“ between 15,000 and 20,000.” 
I must say that I prefer the two latter authorities, in 
spite of Mr. Glauert’s dogmatic assertion. 

These are not the only points that could be raised, 
but they will probably be considered quite sufficient. 

Yours faithfully, 
Cc. E. Wotrr. 

2, Devonshire-street, Ardwick, Manchester, 

February 23, 1919. 





NAVAL ENGINEERS. 
To THE Eprror oF ENGINEERING. oo 

Str,—I have read with interest ‘‘An Engineer's 
letter in your issue of February 21. 

Does he ask us to believe that there were thirty-three 
engineer officers in the Olympic who were simply super- 
vising, and in charge of watches and repairs, and doing 
no manual work, and whose duties were exactly com- 
parable with the three in the Tiger. This is what is 
intended, evidently. Well, I for one do not believe it. 

It is quite evident, however, that the Selborne-Fisher 
scheme for obtaining engineer officers for the Royal 
Navy has failed, and some other source of supply will 
have to be found. A committee of three, ot which 
Mr. Reginald McKenna was a member, has recently made 
a report to their lordships on the subject, but nothing 
appears to have come out of it, except, perhaps, that a 
few more honours have been recently bestowed on 
engineer officers in the higher ranks. : 

Mr. McKenna, when just appointed First Lord of 
the Admiralty, interviewed the writer of this letter, 
and was told two important facts, which facts still 
govern the whole situation :— t 

1. The scheme is not sufficiently attractive to get 
enough volunteers from the common entry cadets. 

2. A man cannot thoroughly master, nor can he be a 
specialist in, more than one branch of the naval service. 

With regard to (1) I will ask anyone interested to go 
to the Osborne College on Sunday and attend Divisions 
and Divine Service. If he can fix _a date when the 
commander-in-chief comes over from Portsmouth for his 
official inspection, so much the better. The visitor 
interested will find all the executive officers—the captain, 
the commander, and the term lieut t in 





decorations, and all very much in the limelight ; and 
he will, if he sees any engineer officers at all—which is 
doubtful—find these officers very much in the back- 
minus decorations, and taking no part whatever 

in the monies. 
What does the young cadet think? What can he 
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think? He naturally says to himself, “the engineer 
officer is a passenger and is of no account or importance.” 
‘The impression the young cadet gets at this stage will 
remain in his mind during the whole of the time he is in 
the service. Is this boy likely to volunteer for the 
engineering branch of the service unless there are very 
great compensating advantages ? He is certainly not 
likely to. 

I on constantly. in touch with officers in the fleet, 
and I am told definitely, and have also found out for 
myself when I was afloat, that the Admiralty are not 
playing the game with the lieutenants “E,” and that, 
if it is a fact that the engineer-lieutenants have a difficult 
position, then the lieutenants ‘“ E”’ have a much more 
difficult one. I could give instances if required. The 
fact remains, however, that the attractions are absent. 

With regard to (2), if sufficient attractions did exist, 
there would be quite enough volunteers for engineering 
duties ; the officers selected would, and must, remain 
engineers for the whole period of their service careers. 
These will, and do, make excellent engineer officers. 
In fact, they are far more efficient than those from any 
other source. They must, however, be considered 
specialists in engineering only, and look forward to, 
and be given, certain important positions in the higher 
ranks of the service, which must be looked upon as 
billets only to be filled by officers who are engineering 
specialists. 

T understand that it has been recently decided that 
the ““E” officers are not now to be eligible for Admiral 
Superintendents of Dockyards. Well, all I can say is, 
that unless. plums of this sort. are held out, volunteers 
will not be forthcoming. Only by giving “‘E” officers 
an extremely high rate of pay, and promises of good 
appointments after reaching a certain rank, can we 
hope to get the numbers we require. Of the quality 
there can be no doubt. 

I am, Sir, yours faithfully, 
February 25, 1919. “A Navat ENGINEER.” 





FATE OF THE GERMAN FLEET. 


To tHE Eprror or ENGINEERING. 

Srr,—In view of the erstwhile professions of friendship 
for Ireland by Germany, would it not be appropriate 
to utilise some of the ships of the High Seas Fleet in the 
construction of the proposed national commercial and 
naval harbour in Galway Bay ? 

As engineers of the scheme for the harbour at Barna, 
near the head of the bay, we are satisfied that by the use 
of say, six or eight of the larger ships, and some of the 
smaller ones, a very considerable saving would be 
effected in the cost of construction of the harbour. The 
ships could either be sunk in deep water in such a manner 
as to shelter the site of the harbour, and so facilitate 
the construction of the breakwaters, or they could be 
sunk on the actual lines of the breakwaters and in- 
corporated in them. 

There are, of course, many other harbours in the 
British Isles and the Dominions where the ships could 
do equally valuable service, but seeing the expense to 
which this country has been put the attempts of 
the Germans to stir up unrest in d, it will surely 
be conceded that the harbours in our islands should have 
the first call. 

We are, Sir, yours faithfully, 
BakER AND HourrTzi@. 

2, Queen Square-place, Queen Anne’s Mansions, 

Westminster, 8.W., February 26, 1919. 





THE LJUNGSTROM TURBO-ELECTRIC 
SYSTEM. 


To tHe Eprror or ENGINEERING. 

Sir,—In following a discussion published in an Italian 
review I have had the opportunity to peruse the article, 
“The Ljungstrom Turbo-Electric System of Ship Pro- 
pulsion,” which appeared in ENGINEERING of August 9, 
of last year, page 140, where curves of efficiency and 
power .of induction motors are given. As no special 
mention there is made of the speed of induction motors at 
which the various power are developed, I suppose that 
the curves are relative to trials made as usual with a 
variation of the resisting couple and with a rotor — 
corresponding to equilibrium, but differing little from 
synchronism (720 r.p.m.). 

Now, a8 the rotor is coupled to a ship’s screw, its speed 
must be the corresponding one to the power transmitted, 
say to satisfy the cubic law, so that a large variation of 
the rotor s must occur. Then, as frequence of 
current is kept constant with turbine speed constant, the 
slip of rotor must increase somewhat rapidly as power 
decreases, and efficiency decrease more rapidly than 
shown by the curves. 

May I now say, that being so, the curves may be 
misinterpreted as they show an efficiency not correspond- 
ing to real working of motors with screw coupled ? 

If you publish this in order to have this point cleared 
by those responsible for the said article, I will be thank- 
ful to you. 

Yours faithfully, 
RrnaLtpo ZunNINO, 
Tenente del Genio eat Age Se Italian 

a Navy, Via Cuneo 20—Torino (Italy). 

Torino, January 21, 1919. 

{Our correspondent is quite correct. It is not practic- 
able to carry out detailed tests of the motors when driving 
the propeller at reduced speed. Indeed, such tests being 
made with variable frequency and external resistance, 
would not give the characteristics of the motor, but those 
of the equipment. It therefore appeared to us to be 
preferable to publish the usual curve for the motors 
with normal frequency and voltage applied to the stator 
circuits and with the rotor short-circuited ; the speed 
being near to synchronism at all speeds.—Ep, E.] 








“COAL SAVING AND SCIENTIFIC CONTROL 
OF STEAM BOILER PLANT.” 
To tHe Eprror or ENGINEERING. 

Sir,—Mr. Brownlie in his report of the tests of 1,000 
steam boilers gave us in a concrete form facts relative 
to the coal wastage going on around us daily, and the 
letters which have appeared since July last on the above 
subject give some indication of how much the report 
has been appreciated. 

The results secured by Mr. Brownlie may be taken as 
representative of the general existing conditions, and 
if so, we pass into our boilers the heat from 57 tons of 
coal out of every 100 tons stoked, and the principle cause 
of this huge — is merely giving to the furnaces too 
much air per po of coal burned. 

That too much excess air is the cause of coal. w: 
is proved by the above-mentioned report, as 2 per cent. 
of the 1,000 boilers when fed with coal and air in the 
proportion of 1 to 18 indicated by 13 per cent. CO2 gave 
over 80 per cent. efficiency, whereas 17 per cent. of the 
boilers gave less than 50 per cent. efficiency, solely due 
to the fact that the proportion of air and coal was 33 to 1 
and the average efficiency of the 1,000 boilers was 
57 per cent., or 30 lb. of air per pound of coal indicated 
by 7-6 per cent. of COpo. 

Mr. Dunlop, in his letter of Saturday week, kindly 
reminds us that boilers have been in use in this country 
200 years, &c., but I regret I cannot see that our know- 
ledge of how to work them has followed Topsy’s rule 
and growed, or that his own observations twenty years 
ago have been taken advantage of, as there is no part of 
a works where the same ignorance exists as the boiler 
house, but the boiler attendant is much less at fault 
than the conditions he has to work under. 

In other letters I have pointed out how, by providing 
in tank boilers a ratio of 25 to 1 between heating surface 
and grate area both the steaming duty end efficiency 
of the boiler is sacrificed, as may be seen by a careful 
study of Table A :— 


Taste A. 


. .| 80 ft. by 7 ft. 
a 6 ft. 
33 


mayen 


30 ft. by 9 ft. 
6 ft. 
45 


Size. of boilers 
Length of grates 
Grate areas .. oe 
Ratio of grate to out- 
let from furnace 
4to1 


1,500 


3-5tol 
1,500 


2-75 tol 
1,500 


fire grates, in feet 
per minute ee 
Coal burned, in 
we ew per square 
‘oot of grate per 


375 427 550 


A. A ec 
rnace temperature, 
gre n | . 
Water evaporated 
r pound of coal 
approximate) . 
Evaporation in 
junds per square 
‘oot of grate ee 
Evaporation in 
pounds per hour .. 
Excess air percenta 
theoretical t 
required per pound 
of coal oe 


14 17 21 


1,800 deg. 1,800 deg. 1,800 deg. 


6} Ib. 63 Ib. 6} Ib. 


94 114 


4,320 


142 


3,168 6,486 


150 per cent.|/150 per cent./150- per cent, 














By making a ratio of 2 to 1 between grate and outlet 
in all sizes of tank boilers, the proportion of heatin 
surface to grate area is oe and results secu’ 
are approximately indicated on Table B :— 











TaBLe B. 

Size of boilers [90 tt. wy 7 #¢.|30 tt. by 8 tt.|30 ft. by 9 ft 
Length of grates 3 ft. 3 ft. 9ing | 4 ft. 9 in. 
Grate area, square 

feet es ve 17 25 35 
Ratio of grate to out- 

rat ey? 2 2 2 
Chimney dfaught, in | 

leet os ot 1,500 1,500 } 1,500 
Air velocity thro | 

fires . os - 750 750 750 
Coal burned per 

square foot of 

grate per hour 41 41 41 
Approximate furnace 

temperature .-| 2,700 deg. 2,700 deg. 2,700 deg. 
Evaporation per 

pound of coal he 8-4 Ib. 8-4 lb. 8-4 1b. 
Evaporation per 

square foot of 

grate ois of 344 Ib. 844 Ib. 344 Ib. 
Evaporation in 

pounds perhour ..| 5,848 Ib. 8,600 Ib. 12,040 Ib. 
Excess air percentage 

over martin 

ht per poun 
tent mn b, ..|50 per cent./50 per cent./60 per cent. 








The improved ene poe on mang si errors 
by automatically cutti own the air supply ucing | 
the grate area a working with thicker bres and thereby 
securing a higher furnace temperature, and this is not 
interfering with, but taking more advantage of, natural 
laws than has been done in the past, and this is all your’ 
various correspondents and Mr. Brownlie has attempted ; 
where, then, does your correspondent find indication of 
the superman who attempts to wrest secrets from Nature, 


With fuel at 20s. per ton, a steam boiler working on’ 
the lines given on Table A (the present general con- 
ditions) will cost 138. 3d. to evaporate 1, allons of 
water, but the same boiler worked under Table B will 
evaporate 1,000 gallons for 9s. 9d., and this meang, with 


|| deposits on the island is also 
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@ modern engine 600 h.p., a saving, of nearly 10/..per 
weék,.and principally by giving 50 per cent. excess air 
over the theoretical weight s Aohratad r pone of coal, 
as against 150 per cent. fo: by ur. rownlie in his 
‘ Dentanbaenyeen 

reducing grate area and minimising the supply of 
excess air is not a “ bee-in-the bonnet theory’’ may be 
gathered from the folowing extracts from clients who 
are working their béilers on the lines of Table B :— 

1. “Since adopting your suggestions we have reduced 
our fuel bill 10 per cent.” 

2. We are working for 7} per cent. less coal since 
peng Doge tes from 6 ft. to 4 ft. 

3. “‘ Since reducing fire grates we are saving coal at the 
rate of 140 tons per boiler per year.” 

4. “ Have reused grates on three boilers from 6 ft. 
to 4 ft. ; coal saved on six months’ working, | ton per 
boiler per wee uy 

5. “ We reduced. our boiler grates (four 30-ft. by 
8-ft. boilers) from 6 ft. to 3 ft. 10in., and adopted induced 
draught three years ago, and have since saved coal at 
the rate of 150 tons per boiler per year.” 

6. “In our own works we have reduced the grates from 
6 ft. to 3 ft. 3 in., and are saving 2 tons of coal per week 
on three years’ working.” 

7. The following is an extract from a letter received 
on the 20th inst., from a firm who have in use 13 boilers, 
30 ft. by 8 ft. 6 in., and where I advised reduced grates, 
&c., after giving results of the test the letter concludes 
as follows :— 

“The above tests show that the shortened grates are 
a distinct advantage, and this is further borne out by the 
fact that the fires are always brighter and cleaner in the 
short than the long grates. 

“The short fires are sufficiently thick to vent 
excess of cold air passing through, whilst with long 
fires cases of burning thin at the back, allowing large 
volumes of cold air to reach the flue, are of frequent 
occurrence. 

‘There is no doubt that the shortening of the grates 
has increased the efficiency of the boilers very materially.”’ 

I could add to the above list over 200 cases where the 
2 to 1 ratio of grate to outlet has been adopted, and the 
saving effected as a rule equals 100 tons of coal per 
boiler per year, and surely such are the results the world 
is asking for to-<lay and are positive indications the 
lines followed in scientific control of steam plant are 
correct. 

The mistake made since the steam boiler came into 


existence has been too much preaching and too little 
practice, each \ po following in the tracks of its 
P’ ssors, adopting without question the same wrong 


methods, until extravagance to-day tries to pose as 
economy. 
Apologising for writing at such length, 
IT am, yours faithfully, 
w. i CasMEY. 
Milnthorpe, Wakefield, February 24, 1919. 





MrrTrRoLtocy.—It is proposed to hold a discussion on 


“* Metrol in the Industries" at the meeting of the 
Physical iety at 5 p.m, on Friday, March 28, 1919, 
at the Imperial College of Science, South Kensington. 


Sir R. T. Glazebrook, C.B., F.R.S., Director of the 
National Physical Laboratory, has consented to introduce 
the discussion, and it is expected that many of the leading 
authorities on fine measurements will take part. 





Coat In NEwrounpranp.—We read in The Marine 
Journal, New York, that reports of geologists who have 
examined a coal dapat recently discovered on the West 
Coast of Newfoundland, indicate that enough coal is 
available to warrant mining operations. The coal seam 
which was found near the town of Godroy is believed 
by experts to be an extension of the deposits on Ca 
Breton Island, which produce millions of tons annually. 
Tf is stated that within eighteen months it will probably 
eB pre an to produce the total of 200,000 tons of soft 
coal used annually in this colony, which is now imported 
from Nova Scotia. Investigation of reported iron ore 
ing made. 





RUBBER VULCANISATION wiTHOoUuT SvuLPHUR.—Some 
years ago a series of te by I. Ostromyolenski ared 
in the Journal of the Rusian Physico-Chemical jiety 
on vulcanisation without sulphur by means of organic 
compounds resembling sulphur at melting point, 
vapour tension at vulcanisation temperature, solubility 
in rubber and other properties. He first tried trinitro- 
benzene, and afterwards the dinitro and nitro com- 
pounds of benzene, picric acid, peroxides and other com- 
pounds, and he came to the conclusion that the vul- 
canising agent must be able to promote polymerisation 
and to oxidise ethylene derivatives. mically his 
researches were very wo reee re ; he was very indefinite 
as to mechanical tests of his vuleaniscd rubbers, however. 
Repeating many of his experiments and testing also the 
mechanical properties of the ucts, H. P. Stevens 
(Journal of the Society of Chemical Industry, 1917, 
page 107). did not arrive at any really satisfactory 
results. investigation was recently taken up again 
in the Netherlands rubber-testing station at Delit by 
E. Bunschoten (Kolloid Zeitschrift, July, 1918), who, 
like Stevene, failed to obtain a lasting satisfactory 
vuleanisation. He experimented with the compounds 
recommended by Titromyslenski, adding the various 
organic and inorganic accelerators. A certain success 
was realised with lead oxides and some other cases, 
but the vuleanised rubber always lost its strength again 
within a few weeks. also questions the 
importance of oxidation. The oxidising agents which 
he tried, arsenic acid, potassium, permanganate and 
chlorate, sodium nitrate, &c., did not affect the rubber 
in the -way he intended, 
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ANNEALING AND HEATING FURNACES 
FIRED BY TOWN GAS. 

On page 276 is shown one of the latest develop- 
ments in annealing and heating furnaces for firing 
by gas from the town main; it is the outcome of 
a thorough research carried out by the Technical 
Section of the Davis Furnace Company at their 
works in Luton, Beds. The furnace is worked on 
a new system which the firm have registered under 
the name of “ Revergen.” 

The principle upon which the furnace is designed is 
shown diagrammatically in Fiys. 1 and 2, annexed. 
The leading feature, and one by which the economies 
in consumption of town gas are achieved and from 
which the high temperatures are obtained, is the 
incorporation of regenerators for heating the air 
supply before it enters the furnace by means of the 
waste gases from the furnace. The Company have 
given considerable attention to the details of con- 
struction of the furnace in order that the thermal 
energy generally lost in the flue gases may be 
reduced by the transfer of this waste heat to the 
regenerators, and may in turn heat up the air 
supply through which it is made to pass before 
its entry into the furnace. The control of the gas 
supply and the air supply and reversal is so 
arranged that these operations may be easily and 
safely carried out. 

The application of the system to a furnace is 
shown in Figs. 3 to 8, on page 276, from which it 
will be seen that the arrangement is compact. The 
two regenerators are built in the base of the furnace 
directly under the muffle. They run fore and aft 
with an external air manual with four ports on 
either side of the furnace. The usual system of 
heating the regenerator alternatively by the waste 
gases and abstracting the heat from it, is effected 
by means of the three-way air reversing valve shown 
in Figs. 3, 5 and 8, on page 276. The gas supply is 
opened to one side and cut off from the other side 
of the furnace by means of the one control lever 
shown in Fig. 3. This linking together of the gas 
supply valves and the air reversal valve makes it 
impossible for the operator to make mistakes, pro- 
vided he pushes the handle right over to the stops. 

There are no valves between the air reversing 
valve and the regenerators, but each inlet pipe to 
the gas burner is provided with an independent 
cock to allow adjustments to be made in order 
that there may be obtained a uniform temper- 
ature throughout the muffle. The cold air enters 
at the bottom of, for instance, the right hand 
regenerators ; it is heated as it passes up the checker 
brickwork and out at the top, where it mixes with 
the gas and passes on into the furnace, producing 
a long and high temperature flame. The waste 
gases from the furnace then pass into and through 
the left hand regenerator, giving up their heat to 
the brickwork, and finally pass out through the 
bottom openings to the manual on their way to the 
flue outlet. During this period the gas supply is 
eut off from the burners on the left hand side of 
the furnace ; on the reversal the cold air enters on 
the left hand and the waste gases pass away through 
the air manual on the right hand side. 

The air is supplied ‘o the furnace at a small 
preasure, say 2 in. to 3 in. of water, but the gas is 
taken direct from the gas main. 

The furnace is built of firebrick and very few 
specials are used in the construction ; the whole is 
encased in a wrought-iron casing and is well stayed 
by means of thrust plates and buck stays with tie 
bolts. A good point in the design is that the whole 
of the furnace, with the regenerators, is above 
workshop floor level. The furnace door is balanced 
and provided with a clamping device. In Fig. 4 
the furnace is shown with one door, but there is 
no reason why a door should not be fitted at both 
ends of the muffle if required for the operation to 
be carried out in the furnace. 

The Company recently arranged for a series of 
demonstrations to be carried out upon a furnace 
installed on the “ Revergen”’ principle in the 
demonstration room at their Luton works. The 
tests were conducted on an oven furnace, the size 
of muffle being 32 in. by 54 in. by 24 in., and extended 
over a period of three days. The gas supply was 
taken from the town main and the air was supplied 


under pressure by a small fan driven by an electric 


motor. 

The furnace was used on the first day for an- 
nealing, the object being to ascertain the gas 
consumption when annealing steel billets at 820 
deg. €. The particulars were as follow :—- 


Size of billet 34 in. in diameter 
x 21 in. long 

Number of billets... 20 

Total weight charged... 987 Ib. 


On arrival the furnace was practically ready for 
the run, the temperature inside and at the back 
end of the muffle being 850 deg. C. The billets 
were placed in at 11.3 a.m., at 12,18 p.m. the desired 
temperature was reached; the gas consumption 
during the interval of 1 hour 15 minutes being 1,350 
cub. ft., and therefore the gas used to heat up the 
charge was 1-37 cub. ft. per lb. of metal, or 3,064 
cub. ft. per ton of metal, and the rate of heating 
was 790 1b. per hour. The temperature of the waute 
gases did not, during this portion of the trial, exceed 
205 deg. F. (96 deg. C.), the thermometer being 
placed in the air manual between the second and 
third outlets. 

After the gas had been reduced and the conditions 
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for the annealing at 820 deg. C. established, the 
test to ascertain the gas consumption to maintain 
the charged muffle at this temperature was continued 
for three hours. The readings were :— 











For Ist hour, 300 cub. ft. = 0-304 cub. ft. per lb. 


r hour. 
For Bnd hour, 250 cub. ft. = 0-253 eub:, ft. per Ib. 
r hour. 
rd hour, 325 cub. ft. = 
per hour. 


For 0-328 eub. ft. per lb. 


This gives an average over the three hours of 
292 cub. ft. of gas per hour or 0-294 cub. ft. per Ib. 
per hour. 

The temperature of the waste gases during this 
section of the run were about 120 deg. F. (49 deg. C.). 
The average calorific value of the town gas during 
the day was 444 British thermal units pe cubic foot. 
The reversal of the air supply was made at intervals 
of about 30 minutes. The heat was found, on the 
door of the furnace being opened on the completion 
of the trial, to be very uniform, and there was 
practically no scale on the billets. 

The firm give the following additional information 
from particulars which they had received from the 
Ministry of Munitions of a test carried out on 
another type of furnace when working on a similar 
annealing operation :— 

Gas consumption for heating up, 2-5 cub. ft. per lb. 
Gas consumption for maintenance of a temperature 


of 825 deg. C., lst hour, 0-534 cub. ft. per Ib. 
per hour. 


from which they. have deduced the following 





comparison :— 


** Revergen.”” Economy. 
Gas consumption per 
ton heating up to 
$25 deg. C. -. 5,600 
Gas consumption per 
ton for Ist hour of 
maintenance 


3,064 45 per cent. 
1,196 681 43 


On the second day the same furnace was used 
for billet heating up to 1,000 deg. C., for which the 
following results were given :— 











| 

a | ist Charge. | 2nd Charge. | 3rd Charge 

Weight of billets 985 Ib. 980 Ib. 987 Ib. 
umber of ets 20 20 20 

Time intofurnace ..| 11.094@m. | 12.35 p.m. 2.05 p.m. 
Time out of furnace 12.24 p.m. 1.55 p.m. 3.25 p.m. 
Time taken .. .+| 1 br. 15 min. | 1 hr. 20 min. | 1 hr. 20 min 
Gas used, total .-| 1,400 cub. ft./1,575 cub. ft. |1,575 cub. ft 
Gas per Ib. in cub. ft. 1-421 1-607 1-596 
Gas per ton in cub. ft. 3,183 3,600 3,577 
Temperature at draw | 1,025 deg. C. | 1,020 deg. C. | 1,020 deg. C. 














The average temperature of the waste gases was 
180 deg. F. (82 dey. C.}, and at no time did the 
thermometer register above 200 dey. F. (93 deg. C.). 
The average calorific value of the gas used during 
the day was 463 British thermal units per cubic 
foot. 

The third day’s run in the same furnace was fo1 
the purpose of demonstrating that this furnace 
was capable of producing and maintaining a high 
temperature. For this trial 80 standard fire- 
bricks were placed in the muffle and a fire-brick 
wall built across the opening directly behind the 
door. The calorific value of the gas was about 
452 British thermal units per cubic foot. The 
temperature of the muffle on arrival was about 
1,480 deg. C. This temperature was maintained, 
and steady, for about 14 hours with a gas consump- 
tion of 1,350 cub. ft., equivalent to a rate of 900 
cub. ft. per hour. At about noon the temperature 
was increased to 1,600 deg. C., and for the last hour 
of the run (2.30 p.m. to 3.30 p.m.) it was pushed 
up to 1,690 deg. C., with a gas consumption oi 
1,450 cub. ft. The temperature of the waste gases 
by thermometer at the manual was 440 deg. F. 
(227 deg. C.) during the earlier part of the trial, 
and about 600 deg. F. (315 deg. C.) during the 
last hour of the run. 

The air and gas supply was changed over on an 
average every 10 minutes. 

From this trial it will be seen that high temper- 
atures can be obtained in an oven furnace of this 
type, which is of importance in dealing with re- 
fractories and should be especially useful to the 
pottery trade—but it must not be supposed that 
the temperatures given above can be maintained 
on a commercial basis; the fire-bricks were, on 
opening the furnace, in a plastic state and the roofs 
of the muffle sagging ; we could not see the ports 
but it is most probable that they had suffered 
considerably. 

The company have supplied a number of the 
furnaces on this system, which are at work or in 
course of erection at Manchester, Sheffield, London 
&c. The results obtained under varying working 
conditions are stated to be quite satisfactory, and 
from the experience gained there appears to be no 
reason why the largest furnace, such as required for 
ships’ plates, should not be a success. 





PersonaL.—We are informed that an arrangement 
has been entered into between Messrs. Automatic and 
Electric Furnaces, Limited, 6, Old Queen-street, West- 
minster, 8.W. 1, and Messrs. August’s Muffle Furnaces, 
Limited, of Thorn Tree Works, King’s Cross, Halifax, 
whereby Messrs. August will Supply coke, gas and oil fuel 
furnaces equip with the Wild-Barfield (patent) 
automatic electric-magnetic detector winding of furnaces, 
for correctly ascertaining the change-point of carbon 
steel. Messrs. August’s Muffie Furnaces, Limited, will 
also advertise and sell the Wild-Barfield electric furnaces 
jointly with Automatic and Electric Furnaces, Limited, 
Messrs. Automatic and Electric Furnaces, Limited, have 
obtained the sole rights for foreign countries for the sale 
of Messrs. A s coke, gas and oil-fuel furnaces 
equipped with Wild-Barfield patents.—For the more 
efficient carrying on of their business the Electric Con- 
struction Com , Limited, has opened a branch 
office at 166, Bt. Vincent street, veer Their — 
graphic address will be “ Winningly, Glaegow, § 
telephone number “ Central 1044.” Mr. W. L. Winning, 
who has been connected with the Glasgow office of the 
British Westinghouse Company, Limited, for twelve 





, and who is well known in the West of Scotland. 





as been appointed sole representative. 
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SWEEPING FOR MINES.* 


One of the most difficult of the many problems with 
which the Navy had to contend during the great war 
was that of dealing with enemy minefields, with the 
enormous number of moored mines laid by the Germans 
to afford protection to their harbours from attack, 
which at the same time acted as a great menace to the 
shipping of the Allies. As is commonly known, these 
sinister death-dealing instruments of war were sown in 
all the world’s seas where the depth of the water per- 
mitted their effective use, as well as on all lines of com- 
munication used by allied vessels. 

For local mine-laying the enemy employed the usual 
surface mine-layer, but for efforts in this direction 
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take up the station allotted to it by the senior naval 
officer. The vessels engaged in the trawling worked 
in pairs, and the ordinary steel wire warp, 2}-in. circ. 
made 6 strands, each 19 wires, which each one of these 
vessels possessed, was mace use of, é.¢., two boats would 
come together and one of them pay out to the other this 
trawl warp from its winch, through a block, over 
the gallows block, and thence to the gallows block of 
its sister ship. Both vessels would then separate until 
they were about 600 fathoms apart, and would proceed 
ahead with the warp loo between them. In order 
that the rope should be kept at the requisite distance 
below the sea surface, a special form of kite was sl 

over the side of each boat, and fastened to the traw. 
warp by a ring or special form of shackle. Immediately 





farther afield they had to resort to submarine mine layers, 


the boats moved ahead at equal speeds, these kites 


Fig 1. PLAN SHEWING ONE EVOLUTION BY ONE PAIR OF MINESWEEPERS. 
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B.—Sween wire about toengge mine mooring. 
. C.—Sweep wire in contact with mine moo 


ring. 
D.—Mine and mooring lifted. Mine mooring rop: bent round sweep wire and sliding along latter to bight or cod in 


background. 


E.—Resistance of mine and anchorage to being pulled through the water facilitates cutting action of serrated wires in 


sweep rope. = 
F.—Sliding along sweep rope mine mooring rope is severed. 


Mine floats to surface and is destrcyed 





Fie. 3. 


and by this means were able to plant mines as far distant 
as the Azores and the American coast. It was up to 
the British Navy to neutralise as far as possible this 
enemy action, and for this purpose the majority of the 
steam trawlers and drifters were immediately mobilised 
to “sweep the seas,’ and were incorporated into that 
silent but plucky branch of the Navy covered by the 
one term “ mine sweepers.”” The men employed on this 
work, needless to say, found their job a very ticklish 
and dangerous one in the early days, much more than 
at present. 

The method employed originally was as follows :— 

When a “dirty pateh” (viz., a district yielding new 
mines) was located, all traffic was immediately st 
trom using the waterway threatened until it had 
swept and declared “clear.” To effect the latter the 
trawler fleet would proceed to the spot, and each unit 





* Reproduced by permission from The Merchant 
Service Review and Empire Trade Gasette. 


would function, thus sending the warp down to the 
required depth to engage with the moorings of any oi 
the mines. The work was done on the rising tide 
and at the commencement of the ebb the ships resorted 
to a previously-arranged dumping ground, ¢.¢., where 
the water was comparatively shallow. As the ebb 
proceeded any mines which had been picked up during 
the trawl would generally appear on the surface oi 
the water, and were, of course, immediately destroyed. 

It will be apparent that this process was slow, un- 
certain, and in many respects not as effective as was 
desirable. For instance, sometimes a mine, although 
picked up by. the trawl warp, for some reason or other 
would not show above the water at the dumping station, 
and when it came to heaving in the warp, it has some- 
times ha that a mine has been brought into 
contact with the vessel, with d rous results. It was 
thought that if some means could p 
on the rope engaging a mine mooring, the mine could 
immediately me so that it would at once float 'to 





be devised whereby, | allowed 


jhe surface, this would practically eliminate the danger 
attendant upon the uncertainty ot the procedure hitherto 
adopted. 

© this end particular attention was paid to the type 
of trawl warp used, and a new construction was special) 
invented by M.ssrs. Bullivant & Co.. Ltd., the well 
known wire rope makers, and called in the service the 
“serrated sweep wire.” As will be gathered from 
the name, this rope has a cutting edge, see Fig. 3, 
in which the upper view shows an ordinary rope and 
the lower view a serrated swecp rope. The latter is 
e of two special-quality steel wires twisted 
tightly together, which are incorporated with the 
ordinary wires in the strands of the rope itself. They 
are so arranged that they exert a cutting action when 
coming in sliding contact with another metallic sub- 
stance such as the mine mooring rope. 

Speaking generally, the sister mine-sweeping vessels 
carry out the operation described previously, with the 
exception that instead of both vessels maintaining a 
common speed and keeping a parallel course, they 
alternately steam slightly ahead of each other so that 
the “ bight”’ or “cod” of the sweep wire is continually 
altered. Immediately the sweep wire comes into 
contact with the mooring of a mine, the latter at once has 
a tendency to slide to the centre of the sweep wire. The 
mine anchorage and the mine itself have a “ braking "’ 
or “ pulling ” effect against this tendency, and hence the 
mine mooring wire is swept with great pressure along the 
sweep wire towards the “bight”’ or “‘cod’’ This is 
where the serrated edge of the sweep wire does its work, 
and it has been shown in practice that so effective is it 
that the steel wire mooring rope is parted before it has 
moved along the sweep rope 40 ft. As regards the time 
taken for the cutting, instances have been known where, 
aiter a mine has been located just below the suriace, the 
actual time taken by the serrated wire to cut it adrift 
has been a matter of a few seconds. 

The serrated ropes were found to be so satisfactory 
that the idea was considerably extended, and several 
types introduced, to be used according to circumstances, 
re the type of vessel engaged in the work, conditions, 
district, ke. For heavy trawlers and paddle steamers, 
what is known as type A. 6 was used for a considerable 
time. To a large extent, however, this has been super- 
seded by anotere ‘yee termed F, 2, the introduction of 
which was followed by remarkable results. This is a 
rope having a circumterence of about 1} in., and is 
composed of four strands, each of five wires, plus the 
serrated wires before described. 

For light trawlers or drifters, a somewhat similar rope 
is generally used, termed B, 1, The construction of this 
is the same, é.e., four strands each of five wires, plus the 
serrated wires, but the circumference is only ly, in. 

The foregoing descriptions given apply to mine- 
sweeping operations where the ships worked in pairs. 
Means were devised whereby sweeping could also be 
carried out by various types of ships working singly, 
and for heavy work and high speed with a single ship, 
sweeping with an Otter or Paravane, type E. 3 swee 
wire is used. This is composed of three strands rom 8 
of 21 wires, and incorporated in each of these strands are 
three serrated The circumference of the rope is 
about 2 yy in. 

For light work, combined with high speed, and sweep- 
ing with a single ship, “8” type sweep wire is used. 
This is merely a single strand composed of 34 wires, 
with the addition of the three serrated wires. ‘he 
foregoing are the t now generally in use, although 
there are others whieh have been invented for special 
perpeees, which we are not yet permitted to divulge, 

yond saying that they have been used as “ gadgets,” 
on our submarines to allow these vessels to cut their 
ms’ through enemy defence nets. 

t will be gathered from this description that, owing 
to the cutting action and the immediate freeing of the 
mines, there is no need tor the omoeping vessels concerned 
to drag their “catches” to any ag dumping ground. 

Moreover, instead of waiting for a convenient time to 
effect sweeping as in the old days, these new types of 
sweeping wires enable the work to be carried out at all 
times, in all tides, and in almost all weathers, with all 
danger to those concerned practically eliminated. In 
fact, the only menace is the remote possibility of one 
or other of the vessels coming bow on to a stray mine, 
@ rare occurrence. These special wires are but one of 
the innumerable devices which have been conceived and 
developed for the thwarting of encmy designs, and the 
value of the idea is not to be appraised from its sim- 
plicity, but its effectiveness in meeting the difficulty 
tor which it was designed, and this is amply evidenced 
in the present case by results. 

The accompanying sketches, Figs. 1 and 2, illustrate the 
procedure, and the effect in using present-day sweep wires. 








Apminavty TimBer 8aies.—The Board of Trade have 
announced that the Controller of Timber Supplies has 
with the Admiralty that sales of timber from 
Admiralty stocks divect to shiphuilders and ship repairers 
will cease to-morrow Marc Admiralty are 
ap ee to receive from timber merchants who sp< cialiee 
in shipbuilding requirements offers to purchase any por- 
tion of the Admiralty stocks. Particulers of the etocks 
available can be obtained from the Admiralty agcnts, 
Messrs. Denny, Mott & Dickson, Ltd., London, Live r- 
pool, Glasgow, Newcastle-on-Tyne and Cardiff. ‘The 
rices for the timber will he in accordance with the revised 
ist of maximum prices published in the Board of Trade 
Journal dated the 6th inst., less the customary allowance 
of 31. 168. per standard. All applications niust be 
fair specification of the stocks no selection will be 
lications should be addreseed to the 





be | Director of 
George 


rials and Priority, Admiralty, Oreat 
Street, London, 8.W. 1. 
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INDUSTRIAL NOTES. 


A pEBaTE on the present industria] unrest took 
place in the House of Lords on the 19th inst., when 
Lord Emmott said that financial and business experts 
all assured him that there must be a hard struggle in this 
and succeeding years if we were to keep our place in 
industrial competition in the future and fight foreign 
competition successfully under present conditions of 
labour and cost, even if there was complete harmony 
and co-operation all the time between Capital and 
Labour. The capitalist knew we had been living in a 
fool’s paradise in the economic sense during the war ; 
he knew also that unless we could compete in the next 
few years successfully our commercial and financial 
supremacy was goneforever. He was sure the workers 
were profoundly misled on the question of profiteering. 
The returns showed that the total excess profits le 
by the wealthier classes did not exceed 100,000,0001., 
whilst in the shape of extra taxation they had paid 
between 150,000,000/. and 200,000,0001. From that, 
he argued as a genuine fact that the general effect of 
the war had been to reduce somewhat, rather than to 
increase, the net incomes of the wealthier classes of the 
people of this country. On the other hand, wages had 
been doubled, and the working classes had received 
from 750,000,000/. to 1,000,000,0001. more per annum 
than they did before the war. The report of the 
Income-Tax Commissioners for 1916-17 showed that, 
whilst the gross incomes brought under the purview 
of that department had increased from 732,000,0001. 
to 998,000,000/., an increase of 266,000,000/., the 
incomes from which tax was received, after deductions, 
had only risen some 60,000,0001., or from 533,000,0001. 
to 593,000,000/. The enormous increase shown in the 
earlier figures was obviously due to the enormous 
increase in the number of working men who became 
in that year taxpayers for the first time. The net 
result was that the total number of supertax payers 
in later years was somewhat less than in the earlier 
years, and the total amount paid by them was only 
about 14 per cent. larger. 





Speaking at the same session, Lord Leverhulme 
said there was a deep-rooted suspicion and distrust 
between employer and employed which ought not to 
exist. It entirely arose from misunderstanding. There 
was no reason to be afraid of Labour. In no country 
were strikes more drastically and effectively dealt 
with than in Australia, under a Labour Government. 
Lord Leverhulme added that he was a convinced 
believer in the principles of co-partnership and had 
put them into operation to as great an extent as 
anyone. The objection of the men was that the 
dividends were not sufficiently high to be of interest 
to them. They expected profits to be higher than 
they were or ever could be. They had an inflated 
idea of what the profits were, and that was one of the 
causes of unhealthy unrest. The sum of 450,000,000/. 
had been mentioned as earned by excess fits. 
Taking that figure as the Government share and calcu- 
lating what had been the excess profit of the employer, 
they would find that if an arrangement had been made 
with the workpeople at the outbreak of war, by which 
instead of having an increase of wages they should 
have the excess profits of their emplo they would 
have made a very poor bargain. The excess profits 
remaining in the hands of the employers would not 
have given the workpeople 4s. each per week, whereas 
the advance wages, more often without a strike 
than with it, had been considerably over ll. per week. 
The rise in wages had therefore been more than five 
times the increased profits to the employer. In the 
United States wages were much higher than in this 
country because the trade unions there did not place 
any limitation upon output. In the United States, the 
output per workman was considerably more than three 
times that of workers in this country. If all continued 
together in endeavouring to do their duty, they would 
find that the strike bogey would be shorn of its terrors 
and that this country would quickly raise its position 
as a producing country. 

Viscount Haldane, at the same session, said that 
neither labour nor capital created wealth. Wealth 
was created by mind almost wholly. 

This is the view which has been advanced in 
ENGINEERING for many years past, in series of articles in 
which the materialism characteristic of economics as 
taught in schools and text-books, and as acce by 

iticians, has frequently been animad upon. 

deed, we may go farther and point out that Tord 
Haldane’s observation is identical word for word with 
one of our own statements of the case. 





On Thursday, the 20th inst., a Miners’ Conference 
was held at 10, Downing-street, when the Prime 
Minister and Mr. Robert Smillie reviewed the miners’ 
claims in detail. These include a 30 per cent. addition 
in wages, a 6-hour day, and the nationalisation of 
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mines, as stated on 218 ante. 

, the Prime stated that the Govern- 
ment, having regard to the serious effect which the 
concession of the demand would have upon other 
trades and other industries, did not feel justified in 
conceding it without a tho’ and impartial investi- 
gation into the facts. They felt convinced that such an 
investigation ought to produce the necessary report 
before the end of March, and they therefore proposed 
to set up a Commission speci for that 


They would invite Parliament to equip the Com. | 27 


mission with the necessary powers to command all 
the information which was relevant to the inquiry. 
If the miners did not choose to await the result of that 
inquiry, he would deeply regret it, but the responsi- 
bility must be theirs. (The miners asked that a 
reply in regard to wages and hours be given them 
on March 15, whilst the date at which the Com- 
mission would have.to hand in their report was to 
be March 31, at latest.) “He could assure them that 
if we took this course, it was from no lack of sympathy 
with them and with their hard lives that we had 
resorted to it, but because as long as we were a Govern- 
ment we were the trustees not merely for the miners, 
but for the millions of other workmen who were 
engaged in other industries, and we must safeguard 
the interests of all, not merely of one section of the 
community.” 

The Coal Inquiry Bill above referred to was intro- 
duced in Parliament on Monday last, and after dis- 
cussion was read a second time and committed to a 
Committee of the whole House. In the course of his 
speech the Prime Minister said the Government had 
taken the course they had selected, the establishing 
of a full inquiry, because there was the risk that the 
granting of the miners’ full demands might throw 
hundreds of thousands of men out of employment, 
and cripple our export trade in coal and manufactured 
articles. The resulting increase in the price of coal 
would be between 8s. and 10s. per ton. The present 
cost of steel would be increased by at least 10 per cent., 
and every industry would be ersely affected. He 
also laid stress upon the miners’ insistence upon 
receiving an answer to their claims by March 15, 
instead of March 31, at latest, which latter was the date 
referred to frequently at the Conference of Thursday, 
the 20th inst. 

In the course of the debate in Parliament on Monday, 
Mr, Adamson stated that the total figures for the 
miners’ ballot which had then come to hand were, 
611,998 in favour of a strike, 104,997 against, or 
507,001 majority in favour of a strike. 

The Bill passed the Committee stage in Parliament 
on Tuesday last, the 25th inst., when the Prime 
Minister announced that Mr. Justice Sankey would 
preside over the Commission and that, barring acci- 
dents, their report would be handed in by March 20. 
The Bill has passed through all stages. 





Mr. W. A. A stated in the seventy-eighth 
quarterly balance sheet, dated December 31, of ‘the 
General of Trade Unions, that the financial 
side of the General Federation ‘was more satisfactory 
than ever it had been. Its total reserve stood at 
265,0001. From the trade-union ‘of view this 
was a f 
the. whale. aivaaiion Talo. comsideretion sai 
opport for criticism. No 

e 






ration had ever held that under 1,000,0001. 
could aga oot ory. Gecally apaed 
in reserve meet all t organised 
and well-directed efforts to secure improvements in 
wages or hours, but the present tendency to rush strikes 
a amen oe to economic conditions or competitive 
possibi endangered much larger than those 

by the General F. 
The Committee had been gravely con- 


the economic and social interests of the people in these 
islands criticism would have little point, but it was 
increasingly obvious that behind them all there was 
another policy. 

Nothing could so surely promote future unemploy- 
ment as the destruction of confidence at the present 
moment, and the nt Committee was prepared 
to give the fullest possible support to those executives 
who made up their minds to manage their trade unions 
in accordance with rule and not in accordance with the 
demands of selfish or excited partisans. 





Women’s Work.—A conference is to be held by the 
Labour Research Department on the ‘‘ Demarcation of 
Men’s and Women’s Trades,” at 25, Tothill-street, 
Westminster, on Saturday, March 8, at 3 p.m. ‘ 
W. J. Baker (Postal and Telegraph Clerks’ Association) 
will Ree chair, and the — will include Mr. 

r (Amalgamated iety of Engineers), 
Mr. ing Trades Association), 





x. Gossip ( i and 
Mrs. Bernard Drake (author of “‘ Women in the Engineer- 
ing Trades ’’). 


At the close of the 








NOTES FROM THE NORTH. 
Griascow, Wednesday. 
Scotch Steel Trade.—So far as actual business is con- 
cerned the steel trade in the West of Scotland goes on 
steadily, there being a sufficiency of orders to keep the 
entire available plant fully employed for some con- 
siderable time. tes and sections are much in demand, 
while the constructional work for the shipyards and 


general engi ing purposes accounts for much of the 
present high rate 
ther di 





output. Looking ahead the prospect 
quieting, various unforeseen causes having 
given rise to a certain uneasiness. Of these, labour 
unrest, the cost of production and the question of a 
further adjustment of subsidies are undoubtedly the most 
serious, although the inadequate supply of pig-iron and 
scrap metal, and the fear of a further reduction of the 
supply of coal and other fuel have also to be reckoned 
with. Until these matters can be satisfactorily cleared 
up, and particularly until Government control of prices 
is removed, it seems evident that both makers and con- 
sumers will hesitate before launching out to any extent. 
Meantime, the bulk of the output is taken up on home 
account, no expansion of the export trade Roving yet 
taken place. proposal that British and American 
manufacturers should amalgamate in a scheme for the 
supply of the overseas markets is receiving some attention, 
although no definite arrangement can be come to just at 
the moment. It is thought that a plan might be arrived 
at whereby much of the overlapping so noticeable before 
the war might be averted, were it sible to set aside 
certain areas to be supplied solely by one or the other 
nation. With diplomacy and discretion the scheme 
might work satisfactorily, but there is just a fear that 
international jealousies and complications might arise. 


Malleable Iron Trade——The malleable iron trade 
continues to do brisk business, bolt and rivet iron, and 
agricultural sections of all descriptions being greatly 
in request. Of the orders in hand—and makers can 
complain of no scarcity in this direction—by far the 
larger majority are for the home market, for, although 
inquiries from overseas are certainly more numerous, 
export is still a dead letter. If the coal supply can only 
be depended upon there is sufficient work:to keep all 
the mills fully employed for a long time. 


Scotch Pig-Iron Trade.—The difficulties which beset 
the path of manufacturers in other branches of industry 
are just as beeety felt by the iron smelters who, meantime 
are putting forth much effort to increase the tonnage of 
output. At the moment thé bulk of this is absorbed by 
the home trade, for which, indeed, it is barely sufficient. 
Steel makers still cry out for large supplies of hematite, 
so that no surplus is yet available for any other purpose, 
either home or export. Of other brands, foundry iron 
remains scarce, while a better supply of forge is now 
obtainable. Nochange in prices has yet been announced, 


Greenock and Shipyard Extension.—The recent purchase 
by Messrs. Harland and Wolff of the shipbuilding yard, 
so long in the possession of and worked by Tisests. 
Caird and Co., Limited, has aroused more than a little 
interest in Greenock, as the extensions which it is pro- 

ed to make mean much additional prosperity in the 
usy shipbuilding and sugar refining town. A heated dis- 
cussion has just taken place with the Town Council 
relative to the oie 1 of certain properties which, 
stand way of the prospective i ve- 
ment, the question of dealing with the matter ha. 
been vested ‘in g committee appointed for the purpose. 
ins ome A carried through, the scheme is one of con- 
sidera| importance, worthy of the whole-hearted 
Support of the entire community. 





NOTES FROM SOUTH YORKSHIRE. 

‘ SHEFFIELD, Wednesday. 
Iron and Steel—The South Yorkshire engineering 
and steel trades present an uneven . Marked 
slackness obtains in some branches, while in others 
jut is on a maximum level, and is even then in- 
to meet current a ———— total of 
unemployment offici returned at 16, men, women 
and boys, has et feclined. but is to be accounted for 
more the closing down of war departments pending 
jation on commercial lines than by acute weak- 
ness in the trade position. Increased cost of labour 
and material, labour unsettlement and the obscured 
industrial outlook, are, of course, accountable in part 
eS but not to anything oop the 
extent pessimistic tee 
furnaces are not running more than half tie week, while 
in one department of a premier engineering concern the 
open-hearth furnaces have been closed down indefinitely. 
A serious feature arises from the inability of manu- 
facturers to quote prices for contract work required on 
export account. me substantial orders have been 
booked, on the understanding that prices obtaining at 
the time of delivery shall be the basis of payment, but 
where this is not acceptable, valuable orders which would 
have assured activity in the heavy branches for some 
time ahead have been turned away, and in most cases 
have been secured by American competitors. A big 
demand for industriel machinery is arising from the 
reorganisation of munition-producing departments, and 
further heavy upon machinery makers are 
anticipated from the cutlery trade when that branch of 
industry puts into operation sehemes for future working 
on more up-to-date lines now under consideration. 
Technical research, through the medium of the Sheffield 
University Applied Science Department, is acting as 4 
to reorganisation in this particular direction. 
ilway axles, tyre and spring de ments have 
sufficient orders to warrant full-time worki Slackness 


in this branch is the exception rather than the rule. 
Basic and foundry, forge and pig-iron are an even market. 
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ENGINEERING. 





Some difficulty is experienced in obtaining adequate 
supplies, though this complaint is more general in regard 
to finished iron. Makers of engineers’ tools, farming, 
and gardening tools, and agricultural implement parts, 
have an abundance of work. Export trade is hampered, 
but a considerable portion of the output is nevertheless 
going abroad. File and saw-producing works are 
engaged at pressure in an apparently vain endeavour 
to keep pace with requirements. he further intro- 
duction of labour-saving machinery seems to be the 
only solution of the problem of how to avoid the divertion 
of orders into competitors’ hands. The pees 
purchase of the national shell factory at Templeborough, 
on the outskirts of Sheffield, by Steel Products, Limited, 
for use as steel works and rolling mills, has been cancelled 
by the Government’s decision to use the factory for 
storing steel goods and other products under the control 
of the Ministry of Munitions. 


South Yorkshire Coal Trade.—Only a very small 
quantity of any class of coal is available for disposal 
on the open market. Power and _light-producing 
concerns, steel manufacturers, and railway companies, 
are alike taking as much as they can obtain to swell 
their reserves against the possibility of a miners’ strike. 
Prices for all kinds of steam and manufacturing fuels 
are firmly held, with no likelihood of immediate reduc- 
tion. Collieries are so busily engaged supplying home 
demands that they have little opportunity to benefit 
from new or revived export inquiries, though a sub- 
stantial quantity is passing through the ports to allied 
consumers. House coal merchants could easily dispose 
of a bigger tonnage, the recent severe weather having 
resulted in heavy calls upon them. Coke is a very 
strong market on home manufacturing account, and 
shipments are on the up grade. Quotations :—Best 
branch handpicked, 27s. to 28s.; Barnsley best Silk- 
stone, 278, to 27s. 6d.; Derbyshire best brights, 25s. to 
26s. ;. Derbyshire house coal, 22s. 6d. to 23s. 6d.; best 
large nuts, 228. 6d. to 23s. 6d.; small nuts, 21s. 6d. to 
22s. 6d.; Yorkshire hards, 22s. 6d. to 23s. 6d.; Derby- 
shire hards, 2ls. 9d. to 22s. 9d.; best slacks, 18s. to 
19s. 6d.; seconds, 16s. to 188. ; smalls, 13s. to 14s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron would be on a much more extensive scale, if 
foundry quality was not so scarce. Supply of that 
commodity continues altogether inadequate even for 
home use, and next to none is available for shipment 
abroad. Even where the iron is available it is very 
difficult to obtain trucks and haul ower to load 
the iron from the pig-iron beds, and this, of course, 
hampers distribution very greatly. Prospect of any 
material improvement of supply of rolling-stock in the 
near future is not at all promising. Export licences 
can be obtained without difficulty, tonnage is plentiful, 
and with freights on a much lower level than they have 
been this district is favourably placed, in these respects, 
to compete in neutral markets, but unfortunately the 
class of iron required for such trade cannot be had. 
Forge iron is quite plentiful, and is being taken up as 
extensively as possible. For home consumption, No. 3 
Cleveland pig-iron, No. 4 foundry and No. 4 forge are all 
quoted 95s., and No. 1 is 99s. ; whilst for export, No. 3 
and the lower qualities are 145s. and No. 1 is 150s. 


Hematite Iron.—In the East Coast hematite branch 
interest centres in the fact that export licences are now 
being issued. This was not unexpected as, of late, 
supply for home purposes, has been more than ample. 
At the same time, as yet permits to ship abroad are 
granted with caution, surplus iron to spare for shipment 
is not large. Nos. 1, 2 and 3 hematite stand at 122s. 6d. 
for home use, and 172s. 6d. for export. 


_ Foreign Ore.—Foreign ore shows a tendency to stiffen 
in price, but there is very little new business passing in 
view of the fact that control conditions are to be reviewed 
next month. Imports in fulfilment of contracts alrealy 
made are on quite a satisfactory scale, and consumers 
have substantial stocks. 


Coke.—Coke continues scarce and very strong. 
Demand is heavier than ever, consumers being most 
anxious to accumulate some stock before the miners 
strike notices expire. Such extra demand, however, 
cannot possibly be met, and indeed the normal needs 
of the blast furnaces are only covered with difficulty. 
Average furnace coke is 338. at the ovens, and low 
phosphorus quality 35s. 6d. at the ovens. 


Manufactured Iron and _ Steel.—Much briskness 
characterises the finished iron and steel industries. 
A good home trade is passing, and foreign demand is 
large and increasing. The following are among the 
principal market quotations to home customers :— 
Common iron bars, 16/. 5s. ; steel ship, bridge and tank 
plates, 14/.; steel ship angles, 13/. 12s. 6d. ; steel boiler 
plates, 15l.; chequer plates, 151. 108.; steel joists, 
131. 128. 6d. ; heavy At rails, 131. 108. ; and billets and 
blooms, 11. 2s. 6d. to 121. 15s. ; whilst export quotations 
include: Bars, 201.; steel ship, bridge and tank plates, 
16/. 108.; steel boiler plates, 171. 10s.; chequer plates, 
18/. ; steel joists, 16/. 2s. 6d.; heavy steel rails, 157. 10s. ; 
and billets and blooms, 132. 10s. to 15. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Local Markets.—The Markets this week are quiet 
without any material alteration from the conditions 
ruling last week. Arrivals of shipping over the week-end 
about balanced sailings, and though the congestion, 
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particularly at Barry, is less acute, 
still being experienced in obtaining 
collieries report a shortage of empty wagons, owing to the 
inability of the railway companies to return them with 
promptness. Shipments for allied destinations are bei 
maintained, but in view of the fact that requisiti 
tonnage is being returned to the owners, and United 
States vessels are going home, it would not come as a 
surprise to the market if shipments had to be curtailed, 
as the Allocation Committee are experiencing difficulty in 
obtaining the requisite number of steamers to transport 
coal. Practically all sorts of large coals are tighter and 
difficult to secure, and this remark also applies to the 
better descriptions of small steams. Other qualities, 
however, are relatively plentiful. Licences for the 
export of coke are stated to be coming along better, 
but coke makers are deriving little benefit, as it is so 
difficult to get tonnage allocated for export purposes. 
Patent fuel manufacturers are comfortably placed as 
regards orders. Pitwood remains scarce, and collieries 
are unable to obtain sufficient timber to meet their 
requirements. 


Newport.—Best large Monmouthshire coals and drys 
are well sold and hard to get. Best small steams and 
bunkers are in good demand and scarce, but the cheaper 
descriptions of small steams are plentiful without much 
inquiry. 

South Wales Coal Production.—The Monmouthshire 
and South Wales Coal Owners’ Association have issued 
an interesting series of diagrams illustrating the pro- 
duction and the distribution of coal in the South Wales 
coalfield during 1918. The total output for the year 
was 44,107,757 tons, of which 24,121,090 tons consisted 
of large coal, 8,815,040 tons small coal, 5,116,923 tons 
through coal, 3,239,552 tons sized coal, and 2,815,152 tons 
duff. Of this total output, 43,626,714 tons was — 
of as follows: Admiralty, 14,174,101 tons ; ome 
consumption, 17,932,200 tons; France (not including 
coal supplied through the Admiralty), 8,484,291 tons ; 
foreign destinations, 1,966,914 tons ; bunkers, 1,050,208 
tons. It may be pointed out that the output for 1918 
is the lowest duri the past decade, and is over 
13,000,000 tons below that of 1913, when it amounted to 
57,000,000 tons. In 1914 the production was 53,880,000 
tons; in 1915, 50,443,000 tons; in 1916, 52,080,700 
tons ; and in 1917, 48,507,000 tons. There is, therefore, 
a decrease of 22-8 per cent. as compared with 1913. 


Strike of Welsh Colliery Clerks.—Colliery clerks in 
South Wales show signs of being affected by the general 
industrial unrest, and for the first time in the history of 
the coalfield a strike has taken place this week in the 
Rhondda Valley. The whole of the staff of the Cambrian 
Combine, including a number of women clerks, came out 
on Monday, and had they persisted in remaining out 
the whole of the week, almost 10,000 men would have 
been rendered idle, as it would have been impossible 
to keep the collieries going without the necessary clerical 
work being kept up. The men belong to the National 
Union of Clerks, whose local organiser advised them to 
resume work as they had pose ee 2) on an illegal strike, 
and their case was already being considered by the owners 
and the union representatives. Upon being pressed to do 
so, they consented to resume work to-day pending the 
meeting of the Conciliation Board on Friday. 





Tue Neon Specrrum.—Having measured 55 lines 
in the neon spectrum by means of the interferometer 
in the United { States ) Menon of Standards, Kelvin 
Burns, W. F. Meggers and P. W. Merrill recommended 
neon as a standard substance for spectroscopic work 
(Scientific Paper, No. 329). The strength and distri- 
bution of the lenses in the region 5852 to 7438 Ang- 
strém units are particularly recommended for this 
purpose, further also the ultraviolet group between 
3369A and 3520A and a few lines on the infra red. 
The extreme range over which measurements have been 
made extends from 3369A to 8495A. The measure- 
ments of strong lines are considered correct within one 
part in several millions, or within less than nine-tenths 
of the width of the line ; in some measurements three 
pairs of interferometer plates were used. Further 
measurements have been effected over 189 fainter lines 
in the visible and infra red spectrum by means of a 
concave grating; the accuracy claimed for these is 
0-01 or 0-02A. It is pointed out that the strong lines 
show the constant differences in wave-lengths observed 
by Watson. 


SrrRains In QuENoHED anp Cotp-Drawn Brass.— 
Experimenting with cylinders of brass, 20 mm. or 40 mm. 
Heap “meee and 100 mm. in length, A. Portevin (Comptes 
Rendus, December 23, 1918) finds that these cylinders, 
quenched in water after heating up to 760 deg. C. or 
850 deg. C., displayed peculiar internal stresses when 
tested 15 days after quenching. The exterior of the 
cylinder was in a state of compression, the longitudinal 
stress amounting to about 10 Kg. per square millimetre. 
Below the surface these stresses decreased and changed 
sign in the interior of the cylinder, finally a state of 
tension of about the same magnitude being observed at 
the centre of the bar. The By wera appeared 
reversed in experiments with cold-drawn brass. The 
drawn brass developed surface crusts, was easily broken 
by bending, and showed tension on the surface and 
compression in the interior ; the stress values were higher 
than in the previous case and more unequal, the tension 
stress amounting to 24 kg. per square millimetre, the 
compression to 11 kg. per square millimetre. By 
drawing quenched bars, instead of led , the 
limits of brass-drawing might be extended, Portevin 
suggests; but he does not say that he has actually 
~ ¥ the experiment. 
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NOTICES OF MEETINGS. 

Tae Junior InstitvTIon or Enoineers.—-Friday, 
February 28, at 7.30 p.m., at 39, Victoria-street, West - 
minster, 8.W. Paper by Mr. N. Pemberton (Member), 
“ Drawing Office Systems.” 

THe Prystca. Society or Lonpon.—Friday, 
February 28, at _— at the Imperial College of 
Science, Imperial Institute-road, South Kensington, 
8.W. Agenda: (1) ‘On Simplified Inductance Caleu- 
lations, -with Special Reference to Thick Coils,” by 
Mr. Philip R. Coursey, B.Sc., A.M.I.E.E.; (2) Demon- 
stration of Some Acoustic Experiments in Connection 
with Whistles and Flutes, by Mr. Ralph Dunstan, 
Mus.Doc.; (3) Demonstration of a New Polariser, by 
Mr. G. A. Brodsky, M.A. 

Tue British FounpryMen’s Association: LANnca- 
sHIRE Brancu.—Saturday, March 1, at 4 p.m., 
in the College of Technology, Manchester, Mr. Ben Bird. 
of ame ay ag will give a paper on “ Practice Notes 
on Some Jolt Ramming Jobs.” 

Tur Royat Socrery or Arts.—Tuesday, March 4. 





at 4.30 p.m., Colonial Section: “ Science and Industry 
in Canada,” by Professor John Cunningham McLennan, 
O.B.E., Ph.D., F.R.8., Scientific Adviser to the Admiralty. 


Alan A. Campbell Swinton, F.R.S., Chairman of the 
Council, will preside. Wednesday, March 5, at 4.30 p.m., 
Ordinary Meeting: ‘The Rubber Industry—Past and 
Present,” by Mr. Benjamin Dawson Porritt, M.Se., 
F.1.C., Chiet Chemist, North British Rubber Me ar 4 
Professor Wyndham R. Dunstan, C.M.G., F.R.8., 
Director of the Imperial Institute, will preside. Thurs- 
day, March 6, at 4.30 p.m., Indian tion: “The Need 
for a History of Bengal,” by Mr. W. R. Gourlay, M.A., 
C.LE., LC.8. The Right Hon. Lord Carmichael, 
G.C.8.1., G.C.LE., K.C.MG., will preside. 

Tre Junior Instrrvtion or Encivgerrs: Norts- 
Eastern Section.—Tuesday, March 4, at 7.15 p.m., 
at the Mining Institute, Newcastle-on-Tyne, a paper on 
“Electrical Disturbances in Supply Systems,” by 
Mr. L. C, Grant. 

Tue Liverroot Enotneertne Socrety.—Wednerday, 
March 5, at 8 p.m., at the Royal Institution, a 
street, a paper will be read by Mr. H. Mawson, B.Sc. 
(Lond.), Wh'se., Assoc.M.Inst.C.E., entitled, “The Manu- 
facture of Brass Rods.” 

Tue InstituTION oF ELectTRICAL ENGInexERS.—Thurs- 
day, March 6, at 6 p.m., at the Institution of Civil 
Engineers, Great George-street, Westminster, 8.W. 
Lecture on “ Dielectrics in Electric Fields,’ by Mr. G. L. 
Addenbrooke, Member. 

Tue Royat Institution or Great Brrrarn.——Friday, 
March 7, at 5.30 p.m., a discourse will be delivered by 
Professor H. C. H. Carpenter, F.R.8. ‘The subject will be 
“The Hardening of Steel.’ Afternoon lectures, at 
3 p.m.: Tuesday, March 4, Professor H. Maxwell Lefroy, 
M.A., F.E.8., F.Z.8., on “ How Silk is Grown and Made,” 
(2) Mulberry Silk (Lecture TIT); Thursday, March 6, 
Mr. Charles Aitken on “ Rossetti” (Lecture I); Satuar- 
day, March 8, Professor Sir J. J. Thomson, O.M., LL.D., 
D.8c., on “Spectrum Analysis and its Application to 
Atomic Structure ” (Lecture 1). 


Tue Instrrure or Merats.—The annual general 
meeting of the Institute of Metals will be held, by kind 
permission, in the rooms of the Chemical Society, 
Burlington House, Piccadilly, W.1, on Tuesday and 
Wednesday, March 25 and 26, 1919. The meeting will 
commence at 4 p.m. on both days. On Tuesday, 
March 25:—The report of the Council on the work 
of the past year will be presented by the President. 
The Fourth port to the Corrosion Research Com- 
mittee will be presented by Captain Bengough and Dr. 
Hudson and discussed. At 6.30 p.m. the meeting will 
be adjourned and at 8 p.m. the discussion of the fourth 
report will be continued, and a selection of communica- 
tions will be read in abstract and discussed. On Wednes- 
day, March 26:—A selection of communications will 
be read in abstract anddiscussed. At 6.30 p.m. the meet- 
ing will be adjourned and at 8 p.m. general discussion 
on “‘ The Relation of Science to the lon Sersens Metals 
Industry ”’ will be opened by Dr. W. Rosenhain. 10 p.m. 
the meeting will be brought to a conclusion. Com- 
munications.—The followi communications. are ex 
pected to be submitted in the order given: Tuesday, 
March 25: (afternoon session, 4 p.m. to 6.30 p.m., and 
evening session, 8 p.m. to 10 p.m.) :—(1) Fourth Report 
to the Corrosion Research Committee, by Captain G. D. 
Bengough, D.8c., M.A., Member, a . F. Hudson, 
1D.8c., Member (London). (2) ‘* The perties of some 
Copper Alloys,”’ by W. Rosenhain, D.8c., F.R.8., Vice- 
President, and D.  aotong M.8c., Member (Teddington ). 
(3) Note: ‘“‘ Metallurgical Information Required by 
> ae by Lieutenant-Colonel C. F. Jenkin, R.A.F., 
M.A., M.B.E., Member (Oxford). Wednesday, March 26 
(afternoon session, 4 p.m. to 6.30 p.m.):—(4) “‘ The 
Micrography of Aluminium and its Alloys,” by D. 
Hanson, M.8c., Member, and 8. L. Archbutt, F.I.C., 
Member (Teddington). (5) “‘ Effect of Work on Metals 
and Alloys,” by Owen W. Ellis, M.8c., Member (London). 
(6) Note: “The Influence of Cold Rolling upon the 
Mechanical Properties of Oxygen Free Copper,” by 
F. Johnson, M.8c., Member (Birmingham). ednesday, 
March 26 (evening session, 8 p.m. to 10 p.m.) :—(7) 
General discussion on the relation of science to the 
non-ferrous metals industry, opened by W. Rosen- 
hain, D.8c., F.R.8., Vice- ident, with ond on 
4 mee and Industry in relation to Non-Ferrous 
Metals,”’ and followed by (8) Note: ‘‘ The Relationship 
between the Laboratory and the Workshop,” by W. R. 
Barclay, Member (Sheffield), and (9) Note: “The 
Scope of the Works’ Laboratory,” by F. C. A. H. Lants- 
berry, M.8c., Member (Birmingham). 
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AN INDUSTRIAL PARLIAMENT. 


Sometime in the latter half of 1917, a year 
which will in the future be memorable for many 
things, not least because it was then that recon- 
struction first became prominent, the idea of a 
permanent parliament of industry received some 
ventilation in the pages of the contemporary press. 
Like many other projects it was set aside and 








-|for a time dropped out of notice because other 


and more urgent matters occupied the Govern- 
ment and the public mind. The Whitley proposals 
clearly foreshadowed an extension of the Joint 
Councils to some such end, and now the Govern- 
ment is calling a national conference of employers 
and workers as a means to settle the industrial 
crisis which has resulted in the events of the past 
few weeks. This parliament of industry assembled 
yesterday, and may very well become a permanent 
institution upon which all parties to the industrial 
question may find representation and a means of 
adjustment. Just as minor differences find local- 
ised adjustment by the means of a Works Com- 
mittee, as the District Joint Council deals with 
matters pertaining to a given territory, so a National 
Conference should provide a means to adjust those 
problems which affect industry per se in a national 
sense. It is obvious that periodical recurrence 
of the events of the last few weeks and the more 
serious threatened disorganisation which now 
clouds the industrial sky must, unless settled in an 
amicable manner, lead to industrial bankruptcy 
and national insolvency. Assuming for a moment 
that such a conference has a successful outcome, 
considerable time has already been wasted and 
much public inconvenience caused, to say nothing 
as to the delay in winning stable conditions for the 
future. It is curious that the suggestion in the 
first instance, and the practical steps now afoot 
to give effect to the idea, should have been so long 
in maturing, especially when it is remembered that 
it was this country which founded parliamentary 
institutions and whose tendency to the committee 
idea is peculiarly national in character. It is also 
curious that definite co-operation in industry with 
its apparent advantages should have been so slow 
in evolving. 

As a matter of fact, industrial enfranchisement 
is hardly yet in being, although the framework upon 
which it can be built is gradually being reared ; 
and just as avoidance of international disaster 
known as war is leading to the institution of a 


6 | League of Nations, so the avoidance of industrial 


strife may very well lead to a League of Industry. 
Already steps are being taken to ensure that com- 


78 | petitive nations shall secure rational and comparable 
79 | standards of life to workers in similar industries, 


so that trade shall not be based upon sweated 
labour, and undercutting by means of starvation 
wages, 

The tie of mutual interest between man and 
management has only just secured recognition. The 
feeling during recent years has been that of mutual 
aversion—and each has been organised for defence 
against the other. Aversion has a greater binding 
effect upon a multitude of units than even interest, 
for in the face of a common agressor men of diverse 
temperaments find identity of purpose. Industrial 
unrest, so termed, was prominent long before the 


3| war. During the war it was largely suppressed by 


the aversion felt for the enemy ; national necessity 
made a common bond, and patriotism accepted 





much that was refused under peace conditions. 
It is realised by practically every thinking man that 
industrial interests are not confined to a particular 
class ; the great bulk of moderate opinion is turn- 


*» | ing to the recognition that industry and its workers, 


however paid or rewarded, form a co-partner- 


_| ship, its interests are not antagonistic and opposed, 


but are identical. The intimate relationship which 
formerly existed between master and man, and 
which in isolated instances survives to-day, played 
no unworthy part in past development. Yet for 
many years now the feudal idea, which centered 
in paternal management, has been an antique 
survival and present conditions do not favour its 
retention. The more progressive concerns do not 
attempt the impossible ; they recognise it is useless 


-| to be patriarchal, although they make definite effort 


to cultivate an atmosphere favourable to amicable 
relations. 

Industrially we are now very much in the position 
that many Continental countries were politically 
during the Middle Ages. Then every baron, and 
every free town, claimed the right of carrying on 
private war. On the slightest pretext, or without 
any other pretext than the desire to acquire their 
neighbour’s property, they entered the field. If 
the fighting had been confined to those who had a 
direct interest in the struggle the matter would not 
have been so serious. But the war brought death 
and desolation to thousands who had no concern 
in it, and probably knew nothing of its cause. So 
great was the harm done that kings bent all their 
energies for hundreds of years to break the system 
and to oblige gentle and simple alike to bring 
their grievances before the Courts, instead of 
seeking redress by their swords. In France it was 
not until Louis XIV was firmly established on the 
throne that the nobles were finally made amenable 
to the law, and even then they m to retain 
many of their feudal rights until these were abolished 
at the Revolution. 

In this country the power of the barons was 
broken in the Wars of the Roses, and thereafter 
law reigned supreme. But as regards industrial 
matters it was a very one-sided affair. The employer 
could discharge his men as he pleased, but anything 
like an organised strike was dangerous to the 
leaders as rendering them liable to charges of con- 
spiracy in restraint of trade. It was not until the 
reign of Victoria that the law was altered and the 
State professed to confine itself to keeping a ring 
while capital and labour fought out their quarrels. 
As long as strikes were local no great harm was done. 
Both parties suffered, but the loss was mainly 
confined to the combatants, who represented a very 
small proportion of the industry. Now the sectional 
strike is being overshadowed by the national strike, 
and whatever loss or suffering it may entail to the 
actual combatants will be a mere trifle to that it 
will bring to millions who have no interest in the 
matter. A strike is not an infraction of the law, 
and there is no power of compulsory arbitration, 
so that the Government has no direct method of 
enforcing a continuance of work. All that it can 
do is to foster the creation of an intelligent pubic 
opinion, and ‘experience shows no great strike is 
likely to be successful if it excites the reprobation 
of the general community. Unfortunately it is 
seldom that the public understands the real merits 
of a dispute ; indeed, we might go further and say 
that often the combatants have no knowledge of 
any side of the case but their own. It is to remedy 
this state of affairs that the National Conference 
has been summoned. All the interests likely to be 
affected by strikes are invited to make out the 
best case they can and to submit it to the criticism 
of the rest. If they refuse to plead their cause it 
will be understood that it lacks justification and is 
only an attempt to secure undeserved benefits at the 
expense of the community. If their cause is good 
it is certain of a respectful hearing, and if, as is 
most likely, it contains both good and bad features, 
it will be strengthened as its advocates are taught 
by criticism to prune the excrescences and moderate 
their demands to what they can ask with justice. 
But the chief good to be anticipated is the enlighten- 
ment of the public. Every one is anxious that the 
conditions of labour should be ameliorated, but 
few understand how far this can be carried. Tf the 
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debates raise an interest in economics, if they show 
the man-in-the-street what is the source from which 
wages can be paid, and if they convince the workers 
that they can only thrive if capital is also successful, 
then we shall see the dawn of a new era. This does 
not mean that many of the ideals of the unions 
cannot be attained, but it does mean that no man 
can permanently receive more than he earns and 
that high wages are only possible with high efficiency. 

An industrial parliament charged with the control 
of industry must include in equal shares, representa- 
tion of all parties in its economy. It is not an easy 
matter for the wildest extremist to fly in the face 
of an overwhelming majority. The business man 
is usually a reasonable individual willing to adjust 
himself to conditions, while the intelligent employee 
realises that risks assumed and capital invested 
must earn a return suitable to the hazard and 
outlay. Many are the cut-and-dried solutions 
promulgated, but just as in political matters con- 
tinuous adjustment is made from time to time, so in 
industrial matters real representation and open 
debate should provide redress while putting the 
extremist out of court. It is fairly obvious to the 
meanest intelligence by now that undue exploitation 
of labour or excessive profits will not be suffered. 
To reduce standards of life below an efficiency point, 
in order to compete in export trade, is quite irra- 
tional; it is for one thing a reflection upon the 
capacity of management. Sweated labour is the 
resource of the man who does not understand 
the art of cheap manufacture, and results in breeding 
and rearing an inferior race. Yet numbers of 
otherwise sane manufacturers believe that low 
wages are essential to industrial supremacy, for- 
getting the outstanding case of the United States of 
America. Real industrial progress is quite con- 
sonant with high wages, provided that in return 
real effort is obtained. Such wages place a premium 
upon ingenuity; modern methods, the more eco- 
nomical employment of human material, cause the 
extension of mechanism and give increased produc- 
tivity. There is a notion prevalent that captains of 
industry, so called, are its only true representatives ; 
at all events advice seems only to have been sought 
from the heads of firms and from Labour leaders, 
neither of whom are sufficiently in contact with 
actual industrial life. If the Whitley proposals 
are adopted in earnest it will be found that among 
minor and major executives there is a wonderful 
fund of knowledge and experience not yet utilised 
which the Whitley scheme, properly framed, can 
set free. All the brains do not occupy the titular 
posts as their occupants, if honest, will admit. 
The objection urged is that discipline will suffer, 
but if the interests of the two parties can be rendered 
identical this does not follow of necessity. Any- 
how, it is vital to establish a clearing house for 
trouble ; most strife is avoidable by mutual adjust- 
ment and a policy of give and take, and it is worth 
while to discover if there is not more intelligence 
in the industrial ranks than usually gets credit. 
In the absence of knowledge and fair discussion 
ignorance must prevail, and it is ignorance which 
needs exorcising on both sides of the industrial 
equation. In the past, when temper was on a raw 
edge and trouble imminent, there was little surface 
indication, and when the trouble matured arbitra- 
tion was impossible, for it needs calm reasoning 
and a dispassionate atmosphere. 

There are many things upon which the proposed 
parliament of industry could advise with authority. 
Many matters delegated to various State depart- 
ments might find a tribunal in the new assembly, 
while obviously its main activity would be the 
relationship between the partners in industry. It 
could provide opportunities for debate upon in- 
dustrial economics, and welfare of the workers ; 
it could condemn the bad employer; and the re- 
calcitrant worker, restriction of output and fairness 
of payment commensurate with living costs and 
responsibility would all engage its attention. 
Health insurance, unemployment compensation, 
labour exchanges, arbitration in disputes would all 
be in its custody. A conference in periodical session 
would find plenty to occupy its attention. 

If the present experiment should prove successful 
in educating the public and gaining the confidence of 
both capital and labour—rather an optimistic 





forming the germ of a permanent arbitration court 
whose decisions would be binding, and who would 
have the power to inhibit private industrial warfare. 
But before that can occur mutual aversion must 
be replaced by mutual interest. The cards must 
be laid upon the table, and each side must study 
the other’s position. Labour must realise that 
already it receives the greater part of the joint 
earnings of itself and capital, and that any further 
share, unless the result of increased efficiency on 
both sides, would kill the goose which lays the 
golden eggs. Capital already recognises that the 
worker is determined to gain a better life, and it 
must be ready to comply with the demand as far as 
it is feasible. Both sides must reconcile themselves 
to a far more strenuous life than they have hitherto 
led. If the workers have shorter hours they must 
turn out more in the reduced time, and this they 
cannot do unless the factory equipment and manage- 
ment are in some cases vastly improved. As anation 
we hate steady thinking and prefer to muddle through 
but in the future we shall have to amend our ways 
in this respect, and lay out our plans with greater 
method and care. Until this is done, and not till 
then, can we hope that all classes will work amicably 
together, and enjoy a joint prosperity. 

The outcome of the new conference will be 
anxiously watched for all the peace of the future 
depends upon its constitution, its methods, and its 
results. Any attempt to introduce methods other 
than strictly just and impartial is going to aggravate 
not ameliorate ; the time is past for throwing dust 
in the eyes of any section of the industrial com- 
munity, whereas character and real consideration 
will go far to make a permanent settlement of the 
most anxious problem of the present time. 





THE LIGHTING OF RAILWAY 
PREMISES. 

Now that the general restrictions on public 
lighting imposed on account of the visits of enemy 
air craft have been relaxed, owing to the termination 
of hostilities, it is probable that many concerns will 
be occupied with schemes for improving lighting, 
and by improved lighting we do not necessarily 
mean increased illumination, but rather a better 
distribution of light. In the past the tendency has 
been rather to employ each increase in the efficiency 
of lighting methods rendered available by the pro- 
gress of science in raising the standard of illumina- 
tion, but if this standard is sufficiently high already 
there is no reason why improvements should not 
be used to effect a reduction in cost. At the present 
moment this is particularly true owing to the need 
for extreme economy in fuel consumption, and it 
seems highly probable that in the future considera- 
tions of fuel economy will be forced upon every 
member of the community by the increased cost of 
that commodity. 

In railway premises, which we are now considering, 
light must be provided to ensure the safety of the 
public and to enable the staff to carry on its duties 
safely and expeditiously. Lighting is thus to be 
considered from a purely utilitarian point of view, 
since it is not generally arranged to attract customers 
as is frequently the case with places of entertain- 
ment for instance. These views, which we fully 
endorse, are expressed in a very useful and interesting 
paper by Mr. A. Cunnington, the lighting engineer 
to the London and South-Western Railway, dealing 
with railway lighting and maintenance, which he 
read at a recent meeting of the Illuminating En- 
gineering Society. 

In the general problem too much attention can 
hardly be given to the question of maintenance, 
and to show the importance of this matter Mr. 
Cunnington mentions that on one of the trunk 
lines in this country maintenance costs amounted 
to about one-fourth of the cost of the illuminant in 
normal times ; at the present time the ratio would 
be nearer one-half. Standardisation, of course, 
largely affects the question of maintenance, and 
ceteris paribus, that system which permits of the 
highest degree of standardisation of burners, fittings, 
&c., is the best for railway work. With modern 
gas lighting the tendency is to standardise a rather 
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size, and if larger units are required, to use two or 
more of this size together. Small mantles are 
certainly stronger and more easily handled than 
large ones, and they also appear to be less affected 
by variations in the pressure and quality of the 
gas supplied. Standardisation of electric lamps 
for use on a ma*‘n line railway is greatly hampered 
by the fact that energy is supplied at different 
voltages at different parts of the system. On the 
line above mentioned, for instance, 12 different 
supply pressures, varying from 100 volts to 600 volts, 
are in use. These include the complete series of 
pressures from 200 volts to 250 volts in steps of 
10 volts, and it is therefore not surprising that, 
in order to reduce lamp stocks, over-running or under- 
running is resorted to for certain intermediate 
voltages. In the case of the modern gas-filled tung- 
sten filament lamps Mr. Cunnington finds under- 
running by 1 or 2 per cent. a distinct advantage 
from the point of view of the life of the lamps, 
though there is, of course, a slight drop in efficiency. 
Until comparatively recently these lamps were only 
supplied for comparatively low voltages, so that 
series running was frequently resorted to. This, 
of course, considerably affected the question of 
maintenance, as a number of lamps of special voltages 
had to be stocked, and for good series running it 
was necessary to replace all the lamps in a series if 
one failed. The lamps, however, are now supplied 
for higher voltages so that they can usually be run 
in parallel, and in this connection a curious difficulty 
has been encountered. It is found that if a lamp 
fails it generally blows the fuse and extinguishes 
all the lamps in circuit. The trouble appears to be 
due to the fusing together of the leading-in wires 
of the lamp. This did not occur with lamps run in 
series, and it can probably be avoided by the lamp- 
maker by some modification in the design. With 
these lamps quite sufficient protection for outdoor 
use can be provided by the reflector, and it is 
therefore unnecessary to use an outer globe. This 
feature, which makes for considerable economy in 
maintenance, may also be extended to indoor gas 
burners, the slight theoretical reduction in efficiency 
being more than compensated for by the absence of 
globes which soon get dirty in most situations 
on a railway system and thus obstruct the light. 

Coming now to the lighting of station platforms, 
Mr. Cunnington gives some interesting figures of 
measured values of illumination that have been 
found satisfactory under different conditions. 
Three classes of station are dealt with :—(1) Terminal 
stations, completely covered by high roofs; (2) 
important junctions having low roofs over the plat- 
forms only and (3) less important and wayside 
stations which usually have a short length of roof 
and “beacon” lighting beyond. For the three 
classes of station it is suggested that satisfactory 
values for the minimum horizontal illumination, 
measured at a height of 3 ft. above the platform, 
would be 0-5, 0-25 and 0-035 foot-candles re- 
spectively. It is, however, necessary to specify 
not only the minimum illumination, but also the 
ratio of maximum to minimum, and these ratios 
are given as 3, 10 and 13, respectively, for the three 
types of station above referred to. The latter 
figures, of course, determine the uniformity of light- 
ing, and itis highly desirable to secure the greatest 
possible degree of uniformity since experience proves 
that a much lower average illumination will suffice 
when the lighting is uniform than when it varies 
greatly from point to point. As an example of 
this Mr. Cunnington cites a case in which arc lamps 
spaced 50 ft. apart were replaced with tungsten 
lamps spaced 20 ft. apart. With the arc lamps the 
illumination, which measured immediately under 
a lamp was about 4-3 foot-candles, fell to less than 
0-2 foot-candles, half-way between two lamps. 
With the tungsten lamps, on the other hand, the 
illuminatiorw ranged from about 0-6 to 0-9 foot- 
candles, and was therefore much more satisfactory. 
For ticket collecting barriers special local lighting 
should be provided, as otherwise an unnecessarily 
high standard of general illumination would have 
to be maintained ; about 2 foot-candles appears 
to be a satisfactory degree of illumination for this 
purpose. Timetables and station nameplates also 
require special illumination according to circum- 
stances. 
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‘“‘ Beacon ” lighting, in Mr. Cunnington’s opinion, 
is quite satisfactory for wayside stations, since the 
light emitted from the train itself supplements the 
illumination just when it is most required. At 
stations of this class intervals between trains are 
usually long, and the amount of traffic would rarely 
justify the installation of an elaborate system of 
controlled lighting, which would give a high degree 
of illumination when a train was standing at a 
station and permit of a reduction between trains. 
Such stations are generally lighted by means of oil 
lamps, and something has been done with a form of 
lamp having an ordinary duplex burner which can 
be partially extinguished by pulling a chain, so 
that the oil consumption is reduced to about one- 
fourth of the normal amount. Each lamp has to 
be attended to individually with this arrangement, 
but with long intervals between trains a consider- 
able degree of economy in oil consumption may be 
effected. Acetylene, petrol-air gas, and vaporised 
oil lamps are available for use at stations, which, 
although remote from a gas or electric supply, may 
be situated at a junction of some importance. 

The lighting of railway goods sheds is a problem 
of some difficulty, and, owing to the very diverse 
conditions existing, it is by no means easy to fix 
suitable standards of illumination. On receiving 
platforms, where labels have to be read, consign- 
ment notes checked, &c., high and uniform illu- 
mination is necessary. Local lights are also neces- 
sary near checking desks and scales. For loading 
platforms a somewhat lower standard of illumina- 
tion will suffice, but it is desirable to arrange the 
lighting so that some of it reaches the interiors of 
box wagons. In any case it is obvious that in setting 
a standard for illumination it is necessary to consider 
the situation of the shed and the class of traffic 
dealt with. Sheds in large towns may be in use 
almost continuously, whereas those at a wayside 
station may rarely be used after dark for the greater 
part of the year. A classification similar to that 
suggested above for stations may therefore be 
applied to goods sheds, and if this is adopted 
suitable values for the minimum horizontal illumina- 
tion in a plane 3 ft. above the loading platforms are 
1+5, 0-45 and 0-08 ft.-candles, respectively, for the 
three classes of sheds. The ratios of maximum to 
minimum illumination suggested by Mr. Cunnington 
for the three classes are 5, 5 and 16 respectively. 
Practical considerations, of course, often interfere 
with the effective arrangement of lighting. For 
instance, it commonly happens that the available 
headroom is insufficient to allow high-power lighting 
units to be suspended at a proper height. Another 
difficulty occurs in connection with the local light- 
ing of desks and scales owing to the vibrations and 
shocks arising from the rapid handling of heavy 
goods. For this reason flat-flame gas burners have 
been employed, but the author of the paper is 
of the opinion that pendant incandescent burners 
provided with anti-vibration fittings would prove 
satisfactory. Modern metal-filament electric lamps 
suspended by flexible cords are also capable of 
withstanding severe vibration. 

In open goods yards it is practically impossible to 
provide a measurable standard of illumination 
between the rows of high wagons. Generally there 
is insufficient room to fix lamp posts between all 
running roads, and in any case the cost would be 
prohibitive. Actually the shunter uses a hand- 
lamp for reading labels and shunting instructions 
on the sides of the wagons, so that it is unnecessary 
to provide sufficient general illumination to enable 
this to be done. What is required is sufficient 
general illumination to enable the movements of 
trucks to be distinguished readily, combined with a 
much higher local illumination for working areas, 
such as the “ shunting neck” or the series of points 
leading into sidings in a gravitation yard. Some 
experiments carried out by Mr. Cunnington show 
that a vertical illumination of only 0.01 ft.-candle 
on the end of a wagon enabled it to be seen clearly, 
and he therefore suggests that this would be a suit- 
able minimum for any part of a yard where shunting 
is carried on. The illumination should be measured 
in @ vertical plane at right angles to the direction 
of the siding at a height of 3 ft. above the ground, 
this being approximately the height of the buffers. 
his figure for the general illumination is suggested 
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for all classes of yards, as on it the safety of the 
shunter depends. For the working areas in which a 
higher standard of illumination is required, some- 
what different treatment is necessary in the cases 
of the small yard of a country station and that of 
an important junction or terminus. For the former 
class an illumination of 0.05 ft.-candle is 

for the working areas, and for the latter class an 
illumination of 0.25 ft.-candle. Both are minimum 
values of vertical illumination. 

In dealing with engine sheds, where an element 
of danger occurs owing to the movements of engines 
and the presence of inspection and wash-out pits, 
Mr. Cunnington thinks the minimum illumination 
should not fall below 0.05 ft.-candle. Good vertical 
illumination is important in engine sheds to enable 
the cleaners to do their work efficiently, and for this 
reason open-pattern reflectors are most suitable. 
Owing to the dirt and smoky atmosphere the 
fittings used must be such as can be easily cleaned, 
and where electric lighting is installed porcelain 
lamp holders may be employed with advantage 
to resist the ever-present corrosive fumes. 

The paper also touched upon the lighting of sub- 
ways, booking offices, and situations in which a 
mixture of daylight and artificial light has to be 
employed, each of which presents a special problem 
for the illuminating engineer to solve. In them, as 
in the cases we have dealt with more fully, the main 
object is to provide sufficient light for the con- 
venience of passengers and for the safety and 
efficient working of the railway servants. This 
must also be done with a reasonable expenditure for 
illuminants and maintenance. Another important 
matter was referred to in the conclusion of the paper, 
and that is the necessity for giving careful attention 
to lighting at the inception of all new schemes, so 
that the best illuminating devices may be included 
as an integral part of the scheme and not, as is 
frequently the case, be added later, apparently, as an 
afterthought. 





THE WAGE PROBLEM IN INDUSTRY. 


On Wednesday Mr. W. L. Hichens, chairman of 
Messrs. Cammell Laird and Co., Limited, spoke 
before the Royal Society of Arts on the wage problem. 
Mr. Hichens is known to be a very large-hearted 
man, who takes a keen interest in the progress of 
the working classes and sympathises with their 
aspirations for a better standard of living. There- 
fore, when he points out that there are limitations 
beyond which increases of wages and reductions of 
hours of labour cannot go, it is not that he is trying 
to conserve the profits of capital, but that he is 
thinking of the prosperity not only of labour and 
capital, but also of the general community. He 
takes his stand in relation to industrial affairs on 
the basis of morality. He holds that ultimately 
all industrial questions, as well as all other questions 
affecting human relations, resolve themselves into 
moral problems, and how far we succeed in solving 
these questions depends on the degree of moral 
consciousness to which the community has attained. 

There is no doubt that the past 50 years have seen 
a great quickening of moral consciousness in the 
nation, in spite of the constant complaint that the 
churches are growing more and more empty. The 
poor, the weak and the unfortunate receive vastly 
more consideration than they did, and the responsi- 
bilities of the community in regard to them are fully 
acknowledged. There is, however, little sign of 
moral consciousness in the struggles of labour and 
capital. According to Mr. Hichens, neither side is 
willing to surrender a tittle of its so-called rights— 
the right to keep whatever its strength enables it to 
acquire. This is quite natural, for it is not given to 
men to be just judges in their own affairs. The 
ruling principle of law is that the judge must be 
impartial, and must apply principles laid down for 
him by the law makers. Mr. Hichens would put the 
Government in the position of a judge because 
“‘the demands of the wage-earners in each industry 
cannot be settled in isolation from each other, or 
independently of the claims of capital. For an 
increase in wages in one trade involves an increase 
in others, and in time these increases react on capital, 
which requires a higher rate of interest. While, 
therefore, the organisations of employers and em- 
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loyed in each industry should be responsible in the 
instance for negotiating all wage problems, the 
Government should exercise the right of reviewing 
all decisions from the wider standpoint of the general 
interest, and should regulate both the profits on 
capital and the wages of labour in order that a due 
proportion should be observed.” In making this 
suggestion Mr. Hichens has in the back of his mind 
the possibility of capital and labour combining 
to prey upon the consumer. This, of course, is a 
possibility, but so far we have seen little sign of it, 
and it can never become universal in a country which 
lives largely on its exports. Of course prices go up 
with wages, but that is mainly because if they did 
not factories would have to close down. Roughly, 
prices and wages have both doubled during the war, 
while the reward of capital has not advanced in 
anything like the same proportion. The value of 
pre-war securities has fallen from 20 per cent. to 
40 per cent., while dividends are taxed 30 per cent. 
after the excess profit tax has been levied. 

It is undoubtedly very difficult to apply the 
moral law to such a condition of affairs. At the 
first sight co-partnership seems to promise a solution 
of the trouble, but, as Mr. Hichens points out, this 
would only lead to greater discontent, for the 
worker in a struggling concern would get less pay 
than one in a successful firm. So far the solution 
of the wage problem is not in sight, and all that we 
can say with certainty is that it is the duty of 
Government to safeguard the interests of the com- 
munity when an attack is made on these in order to 
bring pressure on either of the contending parties. 

If capital and labour cannot carry on their 
struggles without injuring non-combatants the State 
must intervene. The case is similar to that which 
brought the United States into the war. Its 
citizens were being killed when pursuing peaceful 
legal voyages because the Germans were doing their 
utmost to starve us out, and sank all ships at sight, 
regardless of nationality. The result was that the 
American nation came into the struggle with very 
serious results to Germany. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


THE annual general meeting of the Institution of 
Mechanical Engineers was held in the rooms of the 
Institution of Civil Engineers, Great George-street, 
Westminster, 8.W., on Friday evening last, the 
2ist inst., Mr. Michael Longridge, president, 
in the chair. The usual formal matters have been 
dealt with, the president said the next business 
on the agenda was to read and consider the annual 
report of the council, but, as the report had been 
circulated to every member of the Institution, and 
as there was a good deal of business to be done that 
evening, he did not propose to read it. Before, 
however, moving that the report be adopted, he 
would like any member who wished to make any 
rematks upon it to do so. 

As apparently no member desired to make any 
remarks on the report, the president said that he 
wished to do so himself. The members would find 
in the report a paragraph which had never appeared 
before, relating to ‘“‘ members in India.”” As many 
of the members had probably not read the report, 
he thought the best plan to adopt would be for 
him to read that single paragraph, which was as 
follows: ‘Since the first meeting of the Calcutta 
section of the institution in 1908, the position of 
our members in India has been the subject of 
frequent communications with the institution. 
In the summer of 1917 a letter was received from 
the chairman of the section enclosing copies of 
letters which had passed between himself and 
other influential members resident in India making 
definite suggestions for the foundation of an Indian 
branch of the institution, with a lecture hall, 
reading room, permanent secretary, and clerical 
staff. For financial and other reasons the council 
were unable to support the scheme proposed, but 
were of opinion that the disabilities under which 
members resident in India (and in other parts of 
the British Empire) lay might be removed to a 
large extent by the formation of associations of 
local sections of the Institutions of Civil, Mechanical, 
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and Electrical Engineers (and possibly some other 
engineering institutions) for the purpose of main- 
taining meeting rooms and technical libraries in 
places where sufficient local support existed. In 
this way it was thought the financial burden upon 
each institution could be lightened, and the interest 
in the local meetings increased by the greater 
number and variety of the papers offered for reading 
and discussion. The possibility of co-operation 
for this was discussed at a meeting of 
representatives of the councils of the three institu- 
tions in January, 1918. Unfortunately the Institu- 
tion of Civil Engineers was unable at the time to 
see its way to common action. On the other hand, 
the Institution of Electrical Engineers regarded 
the proposal favourably and expressed willingness 
to co-operate with this institution ; and the councils 
have therefore laid before their members in India 
suggestions for the formation of the suggested 
associations, and have invited criticism with a 
view to the evolution of a definite scheme suitable 
to that country.”’ While those negotiations were 
going on, the Industrial Commission in India 
raised a project of an Indian Institution of En- 
gineers, and that project seemed so likely of realisa- 
tion from what could be heard that the council 
added the further proposal to those he had already 
read out: “‘ The council have also expressed their 
willingness, should the members resident in India 
so desire, to consider an alternative proposal which 
they are aware is under discussion in India for the 
establishment of an Indian Institution of Engineer- 
ing, incorporated by charter or otherwise, so as to 
form a corporate body of the members of the 
Institutions of Mechanical and Electrical Engineers 
in India, in close association with and affiliated to 
the home institutions, and receiving their financial 
support. The council, however, consider that 
full membership of such an institution, i.¢e., member- 
ship with full privileges and voting power, should 
be dependent on membership of one of the home 
institutions, though not thereby precluding ad- 
mission to other grades of membership with limited 
privileges, such as associate and graduate, subject 
to qualifications similar to those now required by 
the home institutions. These proposals are now 
under consideration in India, and the opinions 
expressed there will receive most careful con- 
sideration by the council when they are received.” 
Since the report was printed, there had come into 
the hands of the council an account of a meeting 
held on December 30 last in Calcutta, over which 
Sir Thomas Holland presided. The object of the 
meeting was to see whether it was possible to 
form an Indian Institution of Engineers, incorporated 
by charter, as the Institution of Civil Engineers 
was in this country, to embrace all classes of en- 
gineers; and the meeting passed a resolution 
appointing a committee to consider the following 
points: (a) Steps to be taken, with a view to 
co-operation, to approach the representatives 
of the provincial engineering congresses, the Mining 
and Geological Institute and the local branches of 
the English Institutions of Engineers; (b) to 
suggest a name and provisional constitution for 
the new society; (c) to nominate a list of pro- 
visional committee with a view to completing 
negotiations with the related congresses and 
societies; (d) to provide means for provisional 
finance ; (e) to propose a date and arrangements 
for an inaugural meeting.” That committee was 
to report to a conference on January 3, 1919. 
What the result of the meeting was the council did 
not know, but they did know that there was every 
prospect—in fact, he might sey almost a certainty— 
of the project being carried through. Whether it 
would be a success or not was quite another question, 
but whether it was or was not a success he thought 
the policy the institution ought to adopt was to get 
into touch as soon as possible with the committee 
which had been appointed to draw up the laws and 
regulations of the proposed Indian institution, 
so that they might have some say in the matter. 
He desired to ask the members in annual meeting 
assembled to agree to the sending of the following 
telegram to Sir Thomas Holland, the chairman of 
the committee: “The annual general meeting of 
the Institution of Mechanical Engineers con- 
gratulate their fellow members in India on the 





and offer co-operation.” That telegram did not 
bind the institution to anything; it was entirely 
non-committal, but it must draw an answer. 
It also showed that the institution did not propose 
to leave its Indian members entirely alone to fight 
their own battle in India. The council might have 
sent the suggested telegram, but he thought it 
would come far better from the annuai general 
meeting of the institution. 

On this resolution being put, the meeting unani- 
mously decided that the proposed telegram should 
be sent. 

The president next said there was one other 
unusual subject dealt with in the report, namely, 
“Patent Law Amendment.” As many of the 
members no doubt knew, a Bill was drafted early 
in the year, and the institution asked the Board of 
Trade to allow them to examine it with a view 
to making amendments. When the Bill was 
received the council of the institution appointed 
a committee to examine it, and it was then found 
that while it contained some very good points, 
there were others that required alteration or 
omission. The council learned also that a number 
of other societies were considering the Bill, and 
they therefore thought the best course to adopt 
would be to call a conference of all the societies 
concerned, which he did. The matter was dis- 
cussed, and while, of course, the conference did 
not agree on matters of detail, it came to several 
general conclusions. The Board of Trade was 
asked to receive a deputation ; it agreed to do so, 
and the case was laid before that Government 
department. The headings of the case were given 
in the annual report. He did not desire to say 
anything further on the report, and would conclude 
his remarks by moving “That the annual report 
be received and adopted.” 

Mr. Perey L. Young said that now the war was 
drawing to a close, and the institution was likely 
to regain possession of its house, he ventured to 
ask the new council kindly to consider the desira- 
bility of increasing the usefulness of the institution 
by extending the facilities for social intercourse 
among the members. With that object in view 
he desired to make the following suggestions :— 
(1) That the house be closed later than 5.30 on a 
regular night of the week throughout the session ; 
(2) that when the council had no fixture, informal 
meetings be held for the conversational discussion 
of topical subjects under free and easy conditions. 
Many discoveries had been made during the war, 
information of which might be imparted in the 
course of personal reminiscences ; (3) that a House 
Committee having initiative and resource be 
appointed by the council to ensure the success of 
those evenings. The growth in London of so many 
societies reading mechanical engineering papers 
would probably be checked were those extra 
facilities available at the Institution of Mechanical 
Engineers. 

The president gathered that Mr. Young did not 
move a resolution to carry into effect his proposals ; 
in fact, it would be impossible for the meeting to 
pass such a resolution, because there were so many 
considerations involved. There was a very great 
deal, however, in what Mr. Young had said, and he 
promised that the matter would receive the serious 
consideration of the council. Would that meet 
Mr. Young’s wishes? [Mr. Young replied in the 
affirmative.] The president pointed out that there 
was no hurry about the matter that Mr. Young 
had raised, because, unfortunately, there was no 
certainty at the present time as to when the insti 
tution would regain possession of its house. There 
was one other matter he desired to bring before 
the notice of the meeting, namely, the time at which 
the meetings were held. A letter had been received 
from a member asking that the hour of the meetings 
should be fixed at 8 o’clock, as it was before the 
war. As a guide to the counci] he would very 
much like to obtain the feeling of the meeting in 
regard to the desirability of continuing to hold 
the meetings at the present hour, 6 o’clock, or 
whether it would be desirable to revert to the 
pre-war custom of holding the meetings at 8 o’clock. 

The question was then put to the meeting, when 
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to hold the meetings at 6 o’clock and a very much 
smaller number voted for holding the meetings 
at 8 o’clock. 
After a short discussion, in the course of which 
the question of adopting other times of meeting 
than 6 p.m. or 8 p.m. was raised by Mr. Reginald 
Marshall and Mr. A. P. Trotter, the president 
stated that he had simply taken a show of hands 
in order to give the council a guide as to whether 
they should take the matter into consideration 
at all. If the council found there was really a 
desire for an alteration in the hour of the meetings 
when the train service became a little better, he 
thought the best plan would be to send out a voting 
paper to the London members and to abide by the 
wish of the majority. 
Mr. John Heatherington then formally seconded 
the motion for the adoption of the report, which 
was put and carried unanimously. 
The president ‘then presented the various 
premiums and prizes that had been awarded 
during the past year. The Willans Premium was 
presented to Messrs. F. H. Trevithick and P. J. 
Cowan for their paper on ‘‘ Some Effects of Super- 
heating and Feed-Water Heating on Locomotive 
Working.” The Water Arbitration Prize was pre- 
sented to Mr. A. E. L. Chorlton, C.B.E., for his 
paper on “ Notes on the Construction of Turbine 
Pumps.” The Thomas Hawksley Gold Medal for 
1919 was awarded to Mr. L. A. Legros, O.B.E., for 
his paper on “‘ Traction on Bad Roads or Land.” 

The president presented Mr. Legros with a bronze 
replica of the Thomas Hawksley Gold Medal, 
stating that at the present time it was impossible, 
owing to the war, to get a gold medal made, but 
as soon as it was possible to do so a gold medal 
would be struck and sent to Mr. Legros. The Thomas 
Hawksley Premium of £10 was awarded to Professor 
C. A. Edwards and Mr. F. W. Willis for their paper 
on “A Law Governing the Resistance to Pene- 
tration of Metals when Tested by Impact with a 
10 mm. steel ball; and a New Hardness Scale in 
Energy Units.” The prizes for the most successful 
students in the institution examinations were 
awarded to Mr. L. C. Leigh, who obtained 73 per 
cent. of marks in the examination paper for the 
associate membership examination, and to Mr. G. 
H. White for the graduates’ examination. 

The president said the time had now arrived 
when he must retire from the great position to 
which the members elected him two years ago. 
It was an act of self-abnegation which every presi- 
dent had to perform, but it was usually accom- 
panied by the compensation that he formally 
introduced the new president to the members and 
placed him in the presidential chair. Unfortu- 
nately he had not that pleasure on the present 
occasion, because he received a letter just previous 
to the meeting from Dr. Hopkinson, in which he 
stated: “‘It is absolutely useless to attempt going 
out to-night; I have had to send for the doctor 
instead. Please make my apologies to the members.” 
Dr. Hopkinson had been suffering from bronchitis. 
Contrary to the advice of his doctor he came to 
London specially in order to attend the meeting. 
He (the president) saw Dr. Hopkinson that morn- 
ing; he was in bed, but said that if it were in any 
way possible he would get up and attend the 
meeting at 6 o’clock. Unfortunately he got worse 
during the day and had to send for the doctor, 
who had absolutely forbidden him to come out, 
so that he had not the pleasure of inducting him 
into the chair. But he thought he might say a few 
words which he would have said if Dr. Hopkinson 
had been present. He desired to say that in electing 
Dr. Hopkinson as president he thought the insti- 
tution had. chosen well, and he was quite confident 
the honour which had been conferred upon Dr. 
Hopkinson would be reflected back upon the 
institution. Dr. Hopkinson bore a name which 
was known and honoured by engineers throughout 
the world. He represented alike the science and 
the art. of the mechanical engineer, for he was @ 
doctor of science on the one hand and, on the other, 
he stood at the head of a great manufacturing 
concern. To his ability as an organiser and a man 
of science the reputation of his firm bore witness, 
while his high character as a man and as an em- 











about 67 members voted in favour of continuing 


ployer of labour was attested by the fact that the 





Fes, 28, 1919.] 
working-class constituency in which his works were 
situated had sent him as their representative to 
Parliament. He (the president) did not think he 
need say more to justify the nomination of the 
council or the election the members had made. 
He desired to ask that he might be allowed to send 
Dr. Hopkinson a message from the meeting express- 
ing their regret that he could not be with them 
and at the cause of his absence, and the hope that 
he might be able to take the chair at the next 
meeting. The only other business that remained 
for him to transact before he retired was to ask 
the secretary to declare the election of the officers. 

The secretary announced that the ballot lists 
for the election of officers had been opened by a 
committee of the council that afternoon, and the 
following were found to be duly elected: As presi- 
dent, Edward Hopkinson, D.Sc., M.P.; as vice- 
presidents, Henry Davey, Mark H. Robinson; as 
members of council, Professor W. E. Dalby, F.R.S. ; 
John Dewrance; William H. Patchell; G. R. 
Sharpley; William Taylor, O.B.E.; the Right 
Hon. Lord Weir, P.C.; Wilson Worsdell. 

The president said the only thing that now 
remained for him to do was to leave the chair, 
and in Dr. Hopkinson’s absence to ask Mr. Henry 
Davey, the senior vice-president, to take it, in 
accordance with paragraph 19 of the Articles of 
Association. The chair was then vacated by Mr. 
Michael Longridge and taken by Mr. Henry Davey, 
the senior vice-president. The chairman (Mr. Henry 
Davey) said he took the chair not with pleasure 
but with great regret, owing to the fact that the 
president-elect, Dr. Hopkinson, was not able to 
be present on account of his serious illness. He 
filled the president’s place as an act of duty, and 
his first duty was to call on Dr. Maw to move a 
resolution. 

Dr. W. H. Maw said that, as the senior past- 
president attending the meeting, it was again his 
privilege to ask the members to accord a most 
hearty vote of thanks to the retiring president for 
the admirable way in which he had discharged the 
duties of his office during the past two years. 
During those two years special duties had been 
thrown upon the President, because, in addition 
to the ordinary work of attending and conducting 
the meetings of the Institution, he had been con- 
cerned with the carrying out of the work of a number 
of special committees. Extra work had had to be 
done in connection with the Patents Amendment 
Act, the arrangements for promoting the interests 
of their fellow members in India, and a number of 
committees in connection with the Ministry of 
Munitions, on which the president had taken a most 
active part. The amount of time the president 
had devoted to the work of the Institution was only 
known to those who had been intimately associated 
with him during the past two years. In fact, 
during all the time that he (Dr. Maw) had been 
associated with the Institution he had never known 
the demands upon the president to be so heavy. 
In the course of his remarks Dr. Maw stated that 
there was one point which he desired particularly to 
mention, namely, that all members were deeply 
indebted to the retiring president for the memorable 
address he delivered in that hall two years ago. 
During the past half-century it had been his fortune 
to be present at the delivery of some dozens of 
presidential addresses, but he could not call to mind 
a single occasion when such an address met with 
anything approaching the enthusiasm aroused by 
Mr. Longridge’s discourse. The address was one of 
an entirely exceptional character, and it was not 
difficult, he thought, to realise why it aroused such 
enthusiasm as it did. It was an address that 
appealed to the members not only as engineers 
but as men. When he heard it he was irresistibly 
reminded of that noble poem of Longfellow’s, “A 
Psalm of Life,” because the spirit which animated 
Mr. Longridge’s address and the spirit that ani- 
mated that poem were identical. They were both 
exhortations to bring about a better state of things 
and in every way to make the world, as far as they 
could, better than it used to be. It was unnecessary 
for him to say any more, and he therefore would 
at once ask them to accord a most hearty vote 
of thanks to Mr. Longridge for the manner in which 
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Dr. W. C. Unwin said it was an honour to have 
been asked to second the resolution, and it did not 
require many words from him to do so after the 
remarks Dr. Maw had made respecting the work 
of the president during the past two years. They 
had been years of difficulty, but he thought it might 
be said that in no material respect had the Institu- 
tion suffered from the restrictions which had been 
imposed upon the country, and it was due to the 
energy and to the care with which the work of the 
Institution had ‘been conducted by the President 
that that had come about. He had very much 
pleasure in seconding the resolution. 

The chairman said that in view of the eloquent 
remarks by Dr. Maw and Dr. Unwin he would not 
detain the members by attempting to make a 
speech, and he could not do better than say that he 
endorsed every word that had been said by them. 
Personally, he desired to express his great apprecia- 
tion of Mr. Longridge’s character and abilities, and 
he assured the members that the work which Mr. 
Longridge had done in the interests of the Institu- 
tion during his term of office was something that 
could only be realised by the members of the 
council. The resolution was then put and carried 
with acclamation. 

Mr. Michael Longridge, in reply, said he thought 
few men could be so unsympathetic and so stony- 
hearted as to listen unresponsive and unmoved to 
the speeches which had been delivered, and he 
certainly was not one of the few. The speeches 
that had just been made were a welcome crown to 
his two years of office as president of the Institution, 
and they were the more welcome owing to the 
way in which the members had received them, 
because he gathered, from the cordial reception that 
had been given to them, that the members believed 
he had done the best he could. There was some 
little ground for dissatisfaction in what had been 
said, and there was a blank which he would ask 
leave to make good. The guidance of the Institu- 
tion depended far more upon the council than upon 
the president. The council had 30 votes in any 
matter that came up for decision, while the president 
had only one, and it was to the ripe experience, the 
wise advice and the loyal support of the council, the 
vice-presidents, the past-presidents, and to the 
unobtrusive labour of Mr. Worthington and his 
staff, that a large proportion of the praise which 
was unfairly showered upon the president on such 
occasions as the present was due. He desired to 
thank Mr. Worthington and his staff for their 
courtesy and forbearance ; he desired to thank the 
Council for their loyal support, and he desired to 
thank all the members for the kindly way they had 
always received him. They had made his occupa- 
tion of the chair a pleasure and they had made 
his leaving it a regret. 

The proposal for the reappointment of Mr. Ray- 
mond Crane, F.C.A., as auditor of the accounts of 
the Institution for the present year having been 
proposed by Professor D. A. Low, and seconded by 
Mr. Douglas T. Heap, was then put to the meeting 
and carried unanimously, and the chairman then 
announced that this concluded the business part of 
the meeting, and that the discussion on the four 
papers, on “Electric and Acetylene Welding,” 
which was commenced at the last: meeting,* would 
next be continued :— 


ELEcTRIC AND ACETYLENE WELDING. 


Mr. S. G. Martlew, in opening the discussion, said 
that conscientiousness and sound judgment, com- 
bined with wide knowledge of metals, were absolute 
essentials of the all-round operator. His safety and 
that of persons in his proximity should be provided 
for. Dark mica cut off heat rays very effectively, 
but its opacity obscured the vision, so that the 
eyes were better guarded by combinations of glass 
capable of nullifying injurious emissions. In the 
case of gas-welding, that might be a greenish-amber 
tint, but, for the more potent rays of the electric- 
arc, the ultra-violet were absorbed by dark green, 
the infra-red by deep ruby, and the shield would be 
completed with smoked lead, protected by plain. 
Those four layers of glass were arranged in the order 
named, counting from the worker’s eyes. The skin 
of the operator and of those near to extensive weld- 





* See ENGINEERING, page 148 ante. 
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|ing jobs should be thickly covered with heat-and- 


current-resisting material, such as stout waterproof 
leather ; an aluminium helmet was often employed, 
and left both gauntleted hands free. The object 
to be welded should always be earthed, thus lessen- 
ing the chances of shock, for even slight discharges 
had been the cause of accidents when work was 
being done on a staging or other risky situation. 
In the welding of vessels subject to pressure and 
heat changes, his experience, covering both gas and 
electric processes, inclined him to favour the latter. 
As an instance, he referred to a fractured steel 
valve body for superheated steam. Every time 
that such was oxy-acetylene welded, subsequent 

-tests disclosed oozing, but soundness was 
finally attained by employing the electric are. 
More recently he had a defective superheater- 
header, } in. thick, successfully treated with Low 
Moor iron pencils bearing a direct current of 450 
amperes and 175 volts. After passing a hydraulic 
test to 255 lb. per sq. in., that had for months been 
under a daily working pressure of 170 lb. per sq. in. 
Remarkable results with somewhat similar apparatus 
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were reported from Canada, in the shape of repairs 
to furnace-tube cracks, which were actually accom- 
plished while the boiler was carrying 125 Ib. per 
sq. in. steam pressure. By careful working of the 
electrode, a thin skin was first laid over the leak, 
and, the water thus being stopped, the weld was 
built up in the ordinary way. He invited the 
attention of the members to a couple of slides lent 
by the courtesy of Messrs. the Equipment and 
Engineering Company, London, illustrating their 
plant which he had tried during the present week. 
On the right of Fig. 1 was the motor or source of 
power driving the direct-current dynamo on the 
left through the magnetic clutch seen in the centre. 
Details of the latter were shown in Fig. 2, wherein A 
was a steady-potential coil from constant-voltage 
supply, such as the motor; B was a dynamo-series- 
coil, resisting A, and C was a shunt-coil across the 
dynamo-terminals, also opposing A. He found 
that the clutch gradually when regulation of 
current was needed ; for example, if the welding rod 
or the cutting carbon actually touched the work the 
dynamo slowed up; also, by listening to the 
running of the machine, it was distinguishable 
whether he was keeping the electrode the right 
distance away. That clutch economically took 
the place of the usual series-resistance and offered 
a solution of driving problems not wholly restricted 
to welding. 

Mr. W. H. Patchell asked what volte were used 
across the arc; 175 seemed to be rather high, and 
the statement had been made that the clutch took 
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the place of the ordinary series resistance. In 
reply, Mr. Martlew stated that the machine illus- 
trated in the figures he had shown was not used 
for the welding job he described in the earlier portion 
of his remarks; a different machine was used in 
that case. The one to which he made reference 
when showing Figs. 1 and 2 had only 35 volts 
across the terminals when he used it during the 
present week. 

Mr. R. C. Macdonald said that when, in the 
winter of 1902-03, Professor Vivian Lewis delivered 
a lecture to the Royal Society of Arts on the subject 
of acetylene welding, he was connected with a firm 
of tube manufacturers that manufactured its tubes 
by lap-welding, and it was very often found that in 
otherwise good tubes there was a short portion of the 
lap that did not weld on passing through the rolls. 
It struck him that acetylene welding would be a 
very good method of recovering those otherwise 
good tubes. He wrote at the time to the firm men- 
tioned in Professor Vivian Lewis’s lecture, and was 
informed by them that the tool was hardly ready 
to come on the market, but they promised to let 
him know as soon as it was available. He heard 
nothing more about the subject until 1909, when, 
during a visit to the Franco-British Exhibition, he 
saw a stand, in a corner of the Machinery Hall, 
occupied by the British Oxygen Company, at 
which a demonstration of the working of a metal 
cutter was given. At that time he was engaged on 
the erection of the Queen Alexandra bridge at 
Sunderland, in which some very large t plates 
that were used in the erection of the bridge had to 
be cut through after the river spans had been 
joined up. Some of the gussets were 1} in. thick 
and 14 ft. long, and the only methods that were 
considered for cutting them off were either to drill 
holes right along the base and then cut them off, or 
to use a pneumatic chipper to cut them off. Pre- 
vious to his visit to the exhibition he had cut one 
of them with a pneumatic chisel, and it took three 
days to do the work. He got in touch with the 
oxy-acetylene people in Newcastle who sent a 
plant down on to the job, and they cut the first one 
in 50 minutes, which meant a saving of a month in 
the erection of the work. Since then he had had a 
fair amount of experience in the welding of boilers, 
and he noticed that none of the authors of the 
papers claimed any advantage for one system over 
the other. He had had experience of welding 
locomotive, land and marine boilers by the oxy- 
acetylene method, and he had never yet had one 
instance of a boiler welded by that process, but 
what it had failed, but in the case of electric weld- 
ing no failures whatever had been experienced. 
Unfortunately, however, his experience with electric 
welding was not so great. Owing to war restric- 
tions, his firm could not get permission to obtain a 
new boiler to replace a very old boiler in a ship 
in which both the furnaces were leaking very 
badly. It was n , however, to keep the ship 
going, and in order to do so the boiler was welded 
by the oxy-acetylene process and it lasted for about 
three months, when trouble again occurred. He 
felt very much inclined to do nothing further with 
welding but to attempt to patch the boiler up. 
However, he was prevailed upon to try electric 
welding, and it turned out to be a wonderful success. 
The metal was built up, and until the Germans put 
a torpedo into the ship the boiler stood up well. 
Since then he had carried out a good many repairs 
on cracked steel fire-boxes in locomotives and 
marine and land boilers, and in every case they were 
holding up well. One subject upon which he 
desired to obtain further information was the weld- 
ing of copper, which had been mentioned by previous 
speakers. He had frequently ‘tried to weld the 
cracks in copper fire-boxes but had not been 
successful in doing so. In view of the difficulty that 
had been experienced during the war in obtaining 
copper, it had been most essential that an endeavour 
should be made to do something of that sort, and if 
copper fire-boxes could be welded it would be an 
improvement onthe old method of filling up cracks in 
them 


Sir Henry Fowler, K.B.E., desired to press home 
the point that had been made by the previous 
speaker that it was not so much a question of the 
welding of the copper as the building up of the 


copper plate. If that could be done with the loco- 
motive fire-boxes, a very great advance would be 
made. He did not quite see how it could be done, 
because the trouble which had been experienced in 
experimental work was that, owing to the high 
conductivity of the copper, the heat got away too 
rapidly. He would be very glad indeed if the 
author, who referred to the building up as a feasible 
process, would explain exactly how he did it. With 
regard to the question of locomotive fire-boxes, he 
knew, from what he saw in the States a little time 
ago, that the internal fire-boxes were welded with 
oxy-acetylene, and they had run perfectly satisfac- 
torily for a considerable time. 

A member enquired whether Sir Henry Fowler 
was referring to a steel fire-box. Sir Henry Fowler 
replied that he was referring to either steel or iron ; 
they were mild steel boxes in the particular case he 
saw. Acetylene welding was used in a connection 
which had not been sufficiently considered, namely, 
in the way of repairs and building up. For instance, 
if the end of a piston rod wore, the Americans built 
fresh stuff up on the cone and then turned it down. 
He thought that method would have been more 
extensively used in this country on electrical work 
had it not been for the very great success which had 
attended the electric deposition of steel on to worn 
parts of aeronautical engines. He desired to ask 
whether the authors had had any experience of a 
rod in which the outer casing was nickel. His own 
experience with such a rod showed that it was not a 
very great advantage, but it was claimed that some 
people obtained a considerable advantage by using 
that type of pencil. A point that had not been 
raised in connection with aeronautical work, not in 
connection with the engines but in connection with 
the planes, but which had received considerable 
attention during the war, was the welding of alu- 
minium. At the beginning of the war that was a 
matter of considerable difficulty, but a suitable flux 
had now been found. The Engineering Standards 
Committee had standardised the flux for that work, 
with the result that very beautiful and complicated 
sections could now be obtained by means of oxy- 
acetylene welding of aluminium, which could after- 
wards be beaten and treated as if it was an ordinary 
plate. One new incidental method of using oxy- 
acetylene flame on tubes was in connection with the 
experience of a certain railway company, which 
found that very considerable pitting, through the 
use of peaty water, occurred. By taking the tubes 
out they were able to weld the pit-holes up and use 
the tubes over again. 

Mr. Daniel Adamson said that one difference 
between the electric and the oxy-acetylene welding 
processes was that with the former the use of the 
metallic are was more readily learned by unskilled 
workmen than with the oxy-acetylene process. 
Another difference was that the electric arc welding 
was more local in its effect, and the same troubles 
were therefore not obtained, due to the expansion 
of the parts being welded together, as would be the 
case with the acetylene flame. That caused 
difficulties in contraction afterwards, if not pro- 
vided for, and in that respect the electric process, 
being more local, was more easily brought to a satis- 
factory conclusion. He believed the electric 
metallic arc was more suitable for thicker plates 
than acetylene welding. Some illustrations were 
given, in Mr. Heaton’s paper, of the Kjellberg 
process, and it would be of interest to the members, 
if the author could state how the particular diffi- 
culty he mentioned of allowing for the expansion 
resulting from the operation of welding was pro- 
vided for in such cases as there illustrated, where 
the boiler was a complete structure and the welding 
had to be inserted within the structure at the parts 
that required repair, with no doubt considerable 
heating effects at those points. The question of 
testing the welds, which had been mentioned in 
some of the papers, was a very important part of 
the subject. Tensile and bending tests could be 
applied to samples, but unfortunately they were 
tests to destruction, and the weld tested was then 
of no further use for its purpose. It was to be hoped 
that some method by means of which inspectors 
could judge whether the weld had been 
carried out or not would be instituted. At the 





present’ time the operator himself knew; -if he 


had had sufficient experience, whether he was 
making a good weld or not, but there was a fear 
that he might cover up bad workmanship, and the 
result would not be evident until it was too late to 
be remedied. The question of the voltage of the 
supply current for electric welding had been 
referred to, but no very clear guidance had been 
given as to what was really necessary; 25 or 30 
volts appeared to be sufficient at the arc itself, 
but higher voltages were recommended, even 110 
volts, which meant a considerable loss of power 
in the regulation resistance. Would, for instance, 
60 volts at the generator be sufficient for the 
purpose? Then the question arose of alternating 
current as against direct current. Alternating 
current if suitable for welding lent itself admir- 
ably to reduction in voltage by means of stationary 
transformers and so avoided the necessity of revolv- 
ing transformers or converters such as had been illus- 
trated in the course of the discussion. It would 
also be of value if the authors could give infor- 
mation as to the probable speed at which welding 
could be carried out on plates, say, from } in. to 
1 in. thick, and if the process referred to was the 
electric process further information as to the amount 
of electric power used and also the size and quantity 
of the particular electrode. Information as to the 
amount of oxygen and carbide used on similar work 
for the oxy-acetylene process would also be of 
value. The question of the generation of the 
necessary amount of oxygen was of considerable 
importance to prospective users of the oxy-acetylene 
process. Electrolytic generation, one method sug- 
gested in the papers, appeared to be very expensive 
in electric power, and also in original capital outlay. 
He took it that most of the systems of welding 
referred to butted joints as against the ordinary 
lap joint of riveting or of the old-fashioned fire- 
welding. A butt-weld did not appeal to him as a 
reliable form unless its weaknesses could be over- 
come by a thickening up on both sides of the joints, 
i.e., the material added was not so strong as the 
original material and the weakness of the structure 
was concentrated and localised at the welded joint, 
with resulting trouble if there was any bending 
action in the structure due to its working or due 
to expansion if it was in part of a steam boiler, for 
example. A lap joint might possibly be better in 
that respect, if not exposed to fire on the one side 
where the overlap would be certain to be burned 
away. It was so very easy to weld by any of the 
processes, by the metallic electrode or by the oxy- 
acetylene process, that he feared there was a very 
great temptation to use a welding process for 
difficult pieces of structure that could not con- 
veniently be done by other methods, with the 
result that the joint was put in a very awkward 
position and no work such as hammering or forging 
could be applied to the seam, in order to toughen 
it, similar to the forging or rolling operation which 
steel was ordinarily submitted to. For example, 
great care was taken in the manufacture of steel 
plates that the material should be of very reliable 
quality. That gave rise to a considerable amount 
of hesitation to make use of the ordinary mild 
steel boiler-plate of commerce and apply to it a 
process of joining which, from the very nature of it, 
was not nearly so reliable as the original material. 
Mr. F. C. Hibbert said the recent developments 
in welding had awakened widespread interest 
amongst the engineers of the world. Doubtless 
many searchers after wisdom would hope that, as a 
result of the reading and discussion of no less than 
four papers on the subject by members of the Institu- 
tion, they would be able to come to some conclusion 
as to the respective merits of the various systems. 
A casual glance at the papers in question would 
perhap lead to the inference that, whereas three 
experts favoured the autogenous system, only one 
could be found to discuss seriously the merits of 
electric welding, and, from the opening remarks of 
Mr. Heaton’s. paper, one could only gather that 
even he was not prepared to advocate the advant- 
ages of the latter. It was probable, however, that 
the consensus of opinion of welding experts at the 
moment might be aptly summed up in Mr. Heaton’s 
words, ‘Each known system of welding has its 
proper sphere.” But it would appear that the 





possibilities of future development in welding were 
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TYPICAL SUBMARINE BOATS OF THE BRITISH NAVY. 
CONSTRUCTED BY MESSRS. VICKERS, LIMITED, NAVAL CONSTRUCTION WORKS, BARROW-IN-FURNESS. 
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OIL ENGINES FOR BRITISH SUBMARINE BOATS. 
CONSTRUCTED BY MESSRS. VICKERS, LIMITED, BARROW-IN-FURNESS. 
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far greater with electric welding—the field for 
invention for which was still to a great extent 
unexplored—than with autogenous welding, the 
improvements in which might be said to be con- 
fined to refinements in the blow-pipe resulting in 
(a) reduced consumption of gas and corresponding 
economy in operation, and (b) improved regulation 
of flame, resulting in better work and the elimina- 
tion of burns, slag spots, globules and voids. Apart 
from that, the success and possibilities of auto- 
genous welding would always depend entirely upon 
the skill of the operator. In the United States 
the subject of welding had been considered with 
great interest and a great deal of work, experi- 
mental and practical, had been done. Mr. Heaton 
made the following statement in his paper: ‘‘ The 
author understands that in America the Slavinoff 
process has been used with considerable success, 
notably in the repairs to the cylinders, &c., of the 
engines of the German ships Vaterland and others 
that were requisitioned by the United States 
Government.” There would appear to be some 
misunderstanding in that connection, because he 
had reason to believe that the system used was that 
of Mr. D. H. Wilson. The facts were that in 1917, 
under circumstances known to all, the United States 
Government acquired over 100 vessels which had 
previously been German. Upon examination it was 
found that the engines had been wrecked and the 
boilers, pipe lines, &c., wilfully broken ; even the 
c.s. steam chests, core-rods, &c., were fractured, 
and it appeared that it would be many months, 
if not years, before the vessels would be seaworthy, 
and this could only be attained at very great ex- 
pense. In a few weeks, however, the whole of 
the repairs were executed by the Wilson electric 
welding process, and the inventor was called to 
Washington and warmly complimented by the 
President. No single case of failure of any of 
those welds had been reported yet. One of the 
boats in question was the U.S.S. Leviathan (56,000 
tons, 70,000 h.p.), formerly known as the Vaterland. 
The Wilson welder was originally developed by one 
of the principal American railroads, the officials of 
which were convinced of the possibilities of electric 
welding. They found, however, that, whereas 
the most expert operators secured good results, 
such faults as slag pockets, caused by aggregation 
of carbon, and the corresponding weakening of the 
weld, caused by excessive heat, and globules and 
voids caused by insufficient heat, were all too 
common. In that connection it had been shown 
that there was a critical temperature in welding, 
and a variation of 15 amperes above or below 
the required current would cause the above defects. 
Mr. Wilson set out to produce a machine which 
could be regulated at any pre-determined heat, 
and hold that temperature constant to within 
approximately 6 per cent., and it could not be too 
strongly urged that it was upon that proper regu- 
lation of temperature that the success or failure of 
all welding depended. Another point of great 
importance was the composition of the electrodes, 
which must be such that they were not adversely 
affected by the heat of the arc. In that connection 
it should be noted that an excess of manganese, 
to compensate for the loss in the electric arc, was 
necessary. Uniformity of composition of the 
electrodes was essential. Without doubt the possi- 
bilities of the use of electric welding were still but 
imperfectly understood, and much work, experi- 
mental and other, remained to be done. In that 
connection the remarks of Mr. Heaton on the neces- 
sity of testing and the field for research in that 
matter were of the greatest possible interest. 

Mr. Thomas T. Heaton, in reply to the dis- 
cussion on January 24, said that Mr. Kennedy, 
of the British Arc Welding Company, who opened 
the discussion, drew attention to illustrations in the 
paper, Figs. 10, 11 and 12, where the statement was 
made that the system of welding shown therein was 
the Kjellberg § The work illustrated was 
done by the British Arc Welding Company, Limited, 
by their system, and Mr. Kennedy stated that the 
system used, though it included a coated metallic 
electrode, was different from the Kjellberg system. 
The same remarks also applied to Fig. 18. While his 
(the author’s) statement was made in perfectly good 
faith, he of course- accepted Mr. Kennedy’s con- 





tradiction and had taken steps to modify the paper 
in anticipation of the form in which it would finally 
appear. Since reading the paper he had received a 
communication from Mr. J. W. Aitken, of the 
Anglo-Swedish Electric Welding Company, Limited, 
which had the sole rights of the Kjellberg system 
in this country, who desired him to say that the 


sample welds shown in Fig. 18, plate 5, were not] and 


made by the Anglo-Swedish Company. He wished 
to make it quite clear that Mr. Aitken was unaware 
that the name Kjellberg was being used in the 
paper. Also in the text of the paper, it was not 
correct to say that the slag was dissipated in all 
cases. There were cases in which slag was deposited, 
and the slag was arranged to be deposited or not 
according to circumstances. The welding wire was 
soft steel, and not soft iron as stated in the paper. 
The functions of the cover were not fully stated by 
him, as other functions of an important nature were 
provided by the cover in order to affect the weld as 
might be desired. The objection suggested in 
regard to changing electrodes as they were con- 
sumed was by no means important as, in a recent 
test of five hours duration, the average time taken 
to change the electrodes was only 5 seconds per 
change. Mr. Aiton had enquired whether the welds 
referred to in the paper made in mild steel } in. 
thick were hammered. Welds made in the side of a 
steel barrel or a tank by the Benardos process were 
hammered. There was an example, among the 
specimens exhibited, of a steel sheet with two 
bosses welded into it. The sheet was only 14 B.G. 
thick. The bosses welded in by the Benardos 
process were fused without the addition of any 
metal, and the welds in that case were not hammered. 
In reply to the further questions raised by Mr. 
Aiton he desired to say that carbon are welding of 
cast iron had been quite successfully done by him- 
self in simple cases, and there was no reason why 
it should not be successful if the proper means 
were used as commonly adopted for cast iron weld- 
ing. Towards the end of the paper there was a 
reference to an example of a cast iron fly-wheel being 
welded successfully by Messrs. Lloyd and Lloyd 
years ago. Cutting with the carbon are was quite 
a commercial success, but he would not recommend 
it except under special conditions for large thick- 
nesses. The table set forth early in the paper 
headed ‘‘ Cutting Mild Steel Plates,” dealt with that 
matter. He quite agreed that shell discard steel 
was not suitable for welding. Mr. J. H. Newton, in 
speaking of the welding of high-speed steel cutting 
edges of tools to shanks made of mild steel, asked 
whether it was possible to indicate the limits of 
temperature on which success depended and 
whether any flux was necessary. He was not able 
to give definite figures for the temperature, but, as 
stated in the paper, it appeared to vary for different 
classes of high-speed steel. A little experience was 
necessary to enable a workman to judge of the 
temperature when carrying out the operation of 
welding, but it was soon acquired by an intelligent 
man. No flux whatever was required, but it was 
necessary that the surfaces to be joined should be 
clean, and within his experience those were generally 
machined surfaces. The remainder of the dis- 
cussion on the last occasion appeared to refer to the 
oxy-acetylene welding, and did not fall within his 
province to reply to. He would reply in writing to the 
points that had been raised at the present meeting. 
On the motion of the chairman, a hearty vote of 
thanks was accorded to the authors for their 
interesting papers, and the meeting terminated. 


THE BENEVOLENT Funp. 


The annual meeting of the Benevolent Fund was 
subsequently held, presided over by Mr. Michael 
Longridge. The report of the committee was 
adopted; Messrs. Hawksley, Longridge, Pendred, 
Sankey and Chas. Wicksteed were elected to the 
Committee of Management ; and Mr. F. H. Norwood 
(hon. treasurer); Mr. Edgar Worthington (hon. 
secretary), and Messrs. Macquinnes and Sidney 
Sharp (hon. auditors) were unanimously re-elected. 





Tue Royat Axgronauticat Socitety.—The lecture 
arranged by the Royal Aeronautical Society to be 
delivered by Captain Thurston, D.Sc., R.A.F., on 
Wednesday, March 5, will not take place, as Dr. Thurston 
is unfortunately suffering from a severe attack of 
influenza. 








THE GERMAN MOTOR CAR MARKET. 


In the earlier part of the war it was considered like) 
that the market, after the war, would be flooded) with 
motor lorries for which the military authorities had no 
further use, and that prices, in consequence, would be 
forced unduly down. t view ca 20 leading firms 
in the German motor car industry to form a Field Motor 
Car Company for the purpose of handling such lorries 
their component parts. The unlooked-for outcome 
of the war has removed the cause for the above appre- 
hension, and there is now no question of a surplus of 
motor cars or lorries; on the contrary, the number 
which the Field Motor Car Company are at present 
handling is comparatively small, more especially as 
regards motor lorries. 

tters were somewhat different as regards passenger 
cars. The company, even during the war, are said to 
havo delivered a considerable number of these abroad, 
mostly foreign-made cars, for which it was diffieult to 
obtain spare parts. ‘The cars were sold at good prices, 
the expense of warehousing and loss of interest being 
thus avoided. Now, however, passenger cars also are 
only available in very limited numbers, and there is, 
further, the tyre difficulty; it has been necessary, 
therefore, to confine the sale of smaller cars to such 
rsons who need them in their profession, such as 
octors, veterinary surgeons, &c. A similar classification 
or rationing will also be necessary for motor lorries, and 
a newly-formed concern, the Power Transport Company, 
will require a number of the better cars to replace those 
coming from the front, which in many cases require 
extensive repairs. Under the present conditions of the 
labour market, repairs are both slow and costly. The 
repairing work is not confined to the large establishments 
forming the Field Motor Car Company, but are also to 
be undertaken by smaller firms outside the combine. 
The Field Motor Car Company prefer to sell thoroughly 
repaired and reliable cars rather than to dis of them 
unrepaired ; their comprehensive and well organised 
repair department is rational and time and money saving, 
and yields. more satisfactory repairs than th under- 
taken elsewhere at the instance of an individ buyer. 
In some cases the Ficld Motor Car Company, however, 
have been compelled to resort to so-called emergency 
sales of a limited number of unrepaired cars, from want 
of accommodation. 

The fall in prices which was at one time apprehended 
has not set in; in fact, prices have rather stiffened, at 
any rate as regards motor lorries, which, it should be 
remembered, are not affected by the present high prices 
for leather and upholstery. Thus a 3-ton car in times 
of peace cost some 16,500 marks, with rubber tyres, 
whilst a war-time production of the same capacity, 
having wood and iron tyres, now costs at least 30,000 
marks. The Field Motor Car Company sell a second- 
hand but thoroughly repaired car for 12,000 marks to 
14,000 marks. act that the concern had at one time 
some 10,000 motor lorries on order also tends to keep 
prices up. Under these circumstances it is not to be 
see Be | at that it has become impossible for private 
concerns to acquire motor lorries at reasonable prices. 

In this connection it is expedient to refer to a decision 
arrived at some months ago r By Union of German 
Motor Car Manufacturers, to the effect that all orders 
received from private buyers prior to December $1, 
1916, should be cancelled on the plea of the rise in the 

rice of war materials and wages, and on account of the 
ong duration of the war. Whether this decision can be 
legally supported is perhaps an open question, but in any 
case the manufacturers adhere to it; they certainly 

ain accept orders, but only for delivery several years 
chead, and they, also make special reserves concerning 
the price. Many complaints are made concerning 
this state of affairs, it being claimed that at the present 
time everything ought to done to ease the shortage 
of railway rolling-stock and the block on the lines 
by an extensive use of motor cars of all kinds. Before 
the war, there were probably between 7,000 and 8,000 
motor lorries in use in Germany, an altogether inadequate 
number considering the size of the country. At the 
beginning of the war most of them passed under the 
counted of the military authorities. 





THE WORLD'S SHIPBUILDING. 


Now that hostilities have ceased, “ Lloyd’s Eouaee 
of Shipping ”’ are able to publish statistics of shipbuilding 
in all countries except those of the enemy, and these 
reveal int ting develop ts in the United States, 
Japan and Sweden. In the first-named the output of 
oversea merchant shipping is double that of the United 
Kingdom ; but it must be borne in mind tnat we 
have done an unprecedented volume of warship work. 
Moreover, the vessels in the United States are launched 





at a very early stage in their construction, and were 
figures ———— | as to the tonnage placed in commission, 
the preponderance of the American would not be 
so great. Lloyd’s figures do not include ships of less 
than 100 tons gross and take cognisance of vessels 
launched “whether they were completed during the 
ear or are still under construction.” Vessels having 
nternal-combustion engines and sailing vessels fitted 
with auxiliary power are included with steamers. 

United Kingdom Production.—Excluding vessels built 
to the order of the Admiralty for other than mercantile 
purposes, 301 vessels of 1,348,120 tons (viz., 300 steamers 
of 1,344;275 tons and 1 oil hulk of 3,845 tons) have been 
launched in the United Kingdom during 1918. These 
figures are 584,033 tons below the record figures of 1913, 
and represent an output 26 per cent. lower than the 
average of the three pre-war years 1911-13; they are, 
however, higher than the totals for the previous three 
years, the present total being 185,224 tons more than 
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SCREWING MACHINE FOR BENT TUBES. 


CONSTRUCTED BY MESSRS. JOSHUA HEAP 


AND 00., LIMITED, ASHTON-UNDER-LYNE. 








THE screwing machine illustrated on the present 
page has been specially designed by Messrs. Joshua Heap 
and Co., Ltd., of Ashton-under-Lyne, for screwing 
the threads on long bent tubes largely used by ship- 
builders and in the equipment of power stations. 
The machine is made in four sizes covering a range from 
4 in. to 10 in. 

The novel feature is the vice for gripping the tubes. 
This is designed to travel across the machine; it has a 
swivelling or rotary motion, and the grips, which are 
closed and opened by a right and left-handed square- 
threaded screw, can be above or below the centre line 
of the screwing dies. By utilising any or all of these 
movements it will readily be seen that bent tubes can 
be effectively held, and in the case of awkward bends 
the tube may be actually gripped on the bend or elbow. 

The machine is fitted with a lead screw in order that 
accurate threads may be cut on the tubes. 

The 4-in. and 6-in. machines are fitted with the 
makers’ patent releasing motion by which the dies 
are instantly opened upon the completion of the thread, 
thus allowing the tube to be withdrawn from the dies 
without stopping or reversing the machine. In the 
two larger sizes of machine this special device is not 
supplied as it is necessary to stop the machine. 

The machines are of substantial construction ; all the 
gears are machine-cut, and a pump is fitted for the 
automatic supply of oil for the cutting dies. 





ELECTRIC WELDING.* 
By J. H. Paterson. D.Sc. 

It is not possible in a single paper to deal effectively 
with every branch of electric welding, as this subject 
includes carbon arc welding, iron arc welding, and 
resistance welding with all its modifications, such as spot 
welding, seam we ding. and butt welding. 

Interest is cent mainly on the iron are process, 
as ie is a pay 4 adaptable of all the methods of electric 
welding, in this paper it is the iron arc process alone 
which will be parsley 4 

No attempt is made to describe the machinery or 
apparatus necessary in the application of this process, 
as it is within the capacity of any good electrical engineer 
to specify simple and satisfactory plant if the proper 
requirements are placed before him. 

he Iron Arc,—When an electric current at sufficient 
p is d between two iron rods which are in 
contact with one another, and which are then drawn 
slightly apart, an are is started between the rods very 
similar in appearance to that produced between two 








* Paper read before the Association of Engineering 
and Shipbuilding Draughtsmen at Newcastle-on-Tyne 
on Friday, Feb: 14, 1919, Mr. O. J. Williams 
(Chairman, Technical Committee) in the chair. 











carbons in the ordinary arc lamp. When such vertical 
= <r ee so that they can be pow apart 

y a rack an ion arrangement a magni oy 
the are can be wn on the screen by a projection lens. 
The current passing is about 7 amperes, and the voltage 
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drop across the arc is about 18 volts. The following 
phenomena are then readily noticeable :— 

(a) A small globule of molten material is being pro- 
duced at the end of the positive pole or anode. 

(b) A distinct hollow or crater is being formed at the 








end of the negative pole or cathode. 
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(c) The anode is much the hotter of the two poles, as 
shown by the distance along which it has become red 
hot. If the ball of material be detached from the anode 
and analysed, it will be found to consist mainly of iron 
and oxygen in combination, and if the amount of iron 
in it be carefully determined, the results show that some 
of this iron has been produced from the anode itself, 
and that some of it has come across the arc from the 
cathode, thus accounting for the hollow which was 
visible on that pole. 

By careful experiment the author has found that, 
within certain limits of current strength, the amount of 
iron which is carried across the are from the cathode to 
the anode and deposited there as oxide is proportional 
to the current passing, and is actually at the rate of 
about 90-0013 grammes per ampere per minute. The 
upper limit of current strength at which this phenomenon 
has been measured is about 15 amperes. The reason 
for this is that with higher strengths the iron poles get 
so hot that they begin to melt and drops of metal fall 
from the ends, thus preventing the collection and weigh- 
ing of the deposits. It can be fairly assumed, however, 
that at all current strengths 0-0013 grammes of iron 
per ampere per minute are carried across the arc from 
cathode to anode, and deposited there as oxiae, It 
follows, therefore, that all molten iron produced by 
using two iron surfaces as electrodes must contain 
oxygen if the arc be maintained between them 
in air. 

The actual practice of welding consists in using an 
arc, of which one pole is the work, and the other pole a 
wire or electrode of varying thickness. The heat gene- 
rated in the are produces fusion of the surface of the 
metal composing the work, and at the same time melts the 
wire electrode which falls across the arc on an already 
molten surface, and thus effects a perfect union when 
the metal cools. As previously stated, a certain amount 
of metal is carried across the arc from cathode to anode, 
probably in the form of vapour, but in actual welding 
the amount of metal deposited in the weld is greatly in 
excess of the amount carried normally by the current. 

In Fig. I the amount of iron deposited by a given 
current from a wire cathode is graphically represented 
by the upper curve. It will be seen that the amount 
increases considerably with the current strength, and 
as it consists of melted electrode is proportional rather 
to the heat developed in the arc than in the current 
strength. It is a debatable point as to how this molten 
metal crosses the arc from the electrode to the work. 
Some of it is undoubtedly carried across as vapour, but 
the greater portion is probably in the form of a rain of 
minute particles carried across by gravity. With a 
long are quite large-sized drops of metal are formed, 
and traces of these drops surrounded by a thin layer of 
oxidised metal can be found in all welds. The projection 
of particles across the arc by the dynamic force of the 
current, so popular as an —_ ation of electric welding 
phenomena, is — out of t uestion. 

A glance at Fig. 1 will show t there is a maximum 
point for different thicknesses of electrode, beyond which 
the amount of metal deposited, instead of increasing 
steadily with the current, starts to fall away. This is 
due to excessive vaporisation and splashing of the metal, 
and marks the highest current strength which should be 
used for a given size of electrode. p to this maximum 
point there is a nearly constant loss of about 5 per cent. 
of the electrode due to the vaporisation and burning 
of the depositing metal, so that these curves do not 
represent the actual weight of electrode used. 

Polarity of Work.—One is frequently confronted with 
the statement that as metal is projected across the arc 
from the anode to the cathode it is the correct thing to 
make the work the cathode and the electrode the anode. 
As, however, the reverse is more probably true, it raises 
the question as to whether it is not the more correct 
method to make the work the anode and the electrode 
the cathode. 

So far as the flow of metal is concerned, it does not 
matter which way the current passes, and under given 
circumstances equally good welds can be made by either 
method. As already pointed out, the anode is the hotter 
of the two poles, and it seems, therefore, more reasonable 
to make the work the anode when thick or moderately 
thick plates are to be welded. The conductivity of iron 
is so good that when the work has a considerable mass 
it is not an easy matter to obtain even surface fusion 
of the original metal with the arc ; and unless the molten 
iron is very hot indeed, it cools in an incredibly short 
space of time, thus making for three dangerous con- 
ditions, viz., bad fusion at the junction with the original 
metal, a highly-stressed weld metal, and a rough, un- 
even surface, very difficult to clean and to defect faults 
in. It is safe, therefore, to say that except for very 
thin work (J; in. and below) the work should usually 
be the anode and the electrode the cathode. An 
important exception to this rule is dealt with later in the 
section on the mechanical properties of weld metal. 

Chemical posi of the Weld Metal.—Ii the bead 
of material obtained in the experiment described at 
the beginning of this paper be analysed, it will be found 
to contain a certain amount of nitrogen in addition to 
the oxygen. Thus a particular bead which was analysed 
was found to have the following composition :— 


Per cent. 

Tron tbe 71-05 

Oxygen ... 28-74 

Nitrogen ¢ 0-21 
For this reason the metal deposited in the weld always 
contains oxygen and always contains nitrogen. e 
roporton of oxygen and nitrogen, as already explained, 
Soleoe less the the current strength employed 
to make the . The following analyses show the 
amount of oxygen and nitrogen contained in a metal 
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deposited from a No. 10 gauge wire containing 0-15 
per cent. of carbon at different current strengths :-— 


Current strength. Oxygen. Nitrogen. 
Amperes, Per Cons. Per Cent. 
G8. <00 $0 0-592 soe «=O 157 

BUND... 1900 oe «»  0*294 see §=©6.: 011 9 

SP. ome ave «-  0°250 eos §«=— OP L115 


{t will be seen that even at high current strengths 
the percentage of both these elements in the weld metal 
is much higher than is generally considered desirable 
in a commercial iron or steel. 

Fig. 2 shows graphically the percentage of oxygen 
and nitrogen which are contained in weld metal made 
with a No. 10 gauge electrode (bare) at different current 
strengths. The oxygen decreasés rapidly from 0-60 
per cent. at 60 amperes (which is about the lowest 
current at which metal can be deposited ) to 0-25 Pe 
cent. at 140 amperes, after which it increases slightly. 
Reference to Fig. 1 will show that the point of minimum 
oxygen content corresponds to the point of maximum 
rate of deposition of metal. 

Oxygen exists as oxide of iron in two forms in 
weld metal. One of these forms is oxide which has 
been dissolved in the molten metal and has been 
thrown out at the moment of cooling. This form 
is detrimental to the strength and toughness of the 
weld metal. The other form consists of globules or 
patches of unabsorbed iron oxide, and while in large 
quantities it may interfere with the strength of the 
metal, in small quantities it has no effect on its mechanical 
properties. The quantities of oxygen shown in the 
diagram consist of the total oxygen in the weld, so that 
the curve, while it is a measure of the dangerous dis- 
solved oxygen, somewhat exaggerates its amount. 

The analysis given at the commencement of this sec- 
tion shows the total oxygen. 

The nitrogen contained in weld metal does not show 
anything like the same variation with current strength 
as oxygen does. 

Some doubt exists in the minds of metallurgists as to 
the exact effect of nitrogen on ial steels, but 
as in these cases the amount is rarely over 0-02 per 
cent., there is very little analogy between them and 





deoxidisers, and have an additional advantage in lower- 
ing the melting point of the weld metal slightly. When 
used with a bare electrode and too low a current strength 
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cent., and shows oxides of iron out along the 
cleavage planes of the iron c . 

Fig. D shows the same metal after annealing for 
30 minutes at 850 deg. C., and shows a certain 
similarity to the structure in Fig. B, proving that a slag 
coating produces also an effect on the distribution of 
impurities in the metal which is only obtained by anneal - 
Kg be a bare wire is used. 

isturbance of Original Metal_—When the metal 
which is to be welded contains carbon the heat generated 
by the are alters the distribution of the carbon in the 
steel along the edge of the weld. The depth of the 
alteration depends on the degree of heat applied, and, 
therefore, on the current used. The greater the current 
—— the greater being the depth of the alteration. 
Fig. shows on the left hand side the unaltered 
steel of a 0-2 per cent. mild steel plate, and on the right 
the disturbance produced by the heat of a 100 ampere 
arc. The structure produced by this disturbance has 
a@ tendency towards brittleness, and the greater the 
carbon content of the plate the greater is this tendency. 
In mild steel containing below 0-3 per cent. of carbon 
it is the author’s opinion that the disturbance is not of 
such a character as to produce a badly weakened metal. 
and this conclusion is amply borne out by the various 
mechanical tests which have been done on welded steel, 
and which will be discussed later. 

Mechanical ies of Weld Metal.—The metal 
deposited in a weld under ideal conditions is, or should 
be, identical with pure iron, and might, therefore, be 
expected to have mechanical p rties associated 
with that metal. The a mechanical properties 
of dead mild cast steel (practically pure iron) are tabulated 
below, and those of mild steel plate containing 0-2 per 
cent. of carbon are placed alongside for comparison. 

From these figures it is evident that :— 

(a) The mechanical properties of Pp iron are less 
affected by rapid cooling than those of mild steel. 

(6) Pure iron has a lower elastic limit, and hence a 
lower factor of safety than mild steel plate. _ 

(c) The capacity of pure iron to resist fatigue (alter- 
nating stress test) is less affected by rapid cooling than 
steel. As weld metal must be subject to rapid cooling, 
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weld metal. In a paper by Professor N. [schischewski 
a diagram (Fig. 3) is given showing the effect of an 
increasing quantity of nitrogen on the ultimate strength, 
elastic limit and elongation of a steel wire of the com- 
position: carbon, 0-14 per cent.; silicon, 0-18 per 
cent. ; manganese, 0-45 per cent.; sulphur, 0-04 per 
cent. ; and phosphorus, 0-03 per cent. 

The embrittling effect of nitrogen is greatly increased 
when the metal containing it is chilled or rapidly cooled ; 
and as this is a condition normal to weld metal, it will 
be recognised that the absence of this element would 
be a great improvement. 

Oxygen produces similarly bad effects on the weld 
metal, but very successful attempts have been made 
to produce weld metal free from this element. There 
are a large number of elements which combine rapidly 
with the oxygen containec in molten metal and form 
harmless compounds. Such substances are known as 
deoxidisers, and the most commonly used ones are 
carbon, aluminium and magnesium. Carbon reacts 
with oxygen or iron oxide to form carbon monoxide, 
which, being a gas, mostly escapes from the fluid metal 
if time be given to it to accomplish this. The time taken 
for the metal to solidify in an ordinary run of weld 
on a ship plate is about one second and a half, and, 
therefore, a deoxidiser must be extraordinarily rapid to 
produce any effect. A steel wire containing about 0-7 
per cent. of carbon when used ag an electrode gives a weld 
metal with the following average :omposition :— 


Per Cent. 
Carbon ... ove dee pes «+ 0162 
Oxygen ... eee be ace -» 0-161 
Nitrogen eee ove eve «» 0095 


It is obvious, therefore, that carbon is not fast enough 
as a deoxidiser, as in an electric weld it can exist along- 
side considerable quantities of oxygen. In addition to 
this, any carbon not burnt out in the aro will in some 
parts of the weld exist in such a form as to produce even 
worse brittleness of the metal than the oxygen it dis- 
places. The photomicrograph Fig. A, is from & pi 
of the weld metal having the al me ro and shows) 
the very brittle carbon structure re’ to. } 

Aluminium and magnesium are commonly used as 


Fig. B. 
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they both produce clouds of minute specks of aluminium 
and magnesium oxides which interfere greatly with the 
strength of the metal. To get over this difficulty the 
Quasi Arc Com (and a great many imitators) coat 
their electrodes with asbestos, or some similar material, 
which liquefies and floats on the top of the molten metal, 
and by delaying the cooling of the metal under it 
allows the oxides partly to settle out in the slag and 
ly to segregate into harmless masses in the metal. 

ig. B is a pry ~ piece of metal 
made with a Quasi Arc trode. Its analysis is as 


follows: carbon-trace, nitrogen = 0-098 r cent., 
oxygen 0-018. It appears to consist only of pure iron 
and small globules of slag. The nitrogen contained in 
the metal, and probably present as iron nitride, does 
not show itself under the 





" C is a 
photomicrograph of a piece of metal ining no 
carbon, oxygen 0-33 per cent., and saan OW por 


it follows that the nearer this metal can be got to pure 


Fre. C. 


Fie. E. 





iron in Moyea 2 eigen the better will be the mechanical 
properties of the weld. This is more especially true as 
the effect of oxygen and nitrogen on the mechanical 
properties of iron is very similar to that of carbon. 




















Dead Rolled 
Mild Steel. Steel Plate. 
Tons per Square Inch. Bees 
As Quickly As y 
Cast. | Cooled. | Rolled. | Cooled. 
Ultimate strength es] 22°7 22-9 32-84 | 39-9 
Per cent elongation ..| 31-0 30-0 25-0 15-75 
Bend test es ..| 180 deg | 180 deg. | 180 deg. | 75 deg. 
Alternating stress test ..| 270,000 | 269, 300,000 | 210, 
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The fact that pure iron has a lower elastic limit and| previously shown, that welds made at high current| ‘“‘I believe that you will agree that the significance 
ultimate strength than rolled mild steel leads to the| strengths (140-160 amperes) contain less oxygen and | of the val) the ratio of A to Bis pn A ay 
conclusion that the ideal weld cannot have the origi siermue than those made at the current strengths | able, and it would take skilled welders to with the 
strength of the plate. As it is not unreasona to | (80-1 amperes) generally recommended in __ this y necessary to avoid too high a te rature 
coun 


suppose that (when such a weld can be obtained) it will 
not be more than 10 per cent. to 15 per cent. weaker 
than structural steel, such a weld compare very 
favourably with any riveted joint used in practice, 
and structures containing such welds could be regarded as 
equal or superior to any joint used in practice in its 
capacity to stand both stress and fatigue. As welds 
made by existi all contain nitrogen or oxygen, 
or both, it follows that they cannot come up to the 
standard of pure iron. The following tables, selected 
from a number of results obtained within the last few 





months from a variety of sources on welds made on ships’ 
steel plate, show the limitations of the process as at 
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present carried out, and also the variations obtained by 
different operators and methods :— 





Per Cent, Comp. 
of Weld Metal. 


Yield Point. 
Electrode. 


Bend Test, 
Degrees. 


Elongation. 


Total 
Oxygen. 


Ultimate Stress, 
Ibs, per sq. in. 


Nitrogen. 








try. Another and more important reason is that the 
greater heat developed keeps the weld fluid for a longer 
period, allows a better structure to develop, and 
the dangers of slag inclusions and flaws. is true that 
r skill is i from the operator at high 
current strengths, but once attained the dangers of 
faulty workmanship are infinitely less. In this con- 
nection the following extract from a report made by 
Mr. H. M. Hobart to the Welding Research Committee 
of the American Emergency Fleet Corporation is of 
es interest :— 
‘The Wirt-Jones Tests, to which so many references 





have been made during the last six months, are now 


Fig.7. 


Thickness of Plate. 
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actually approaching completion. A. comprehensive 
report will doubtless be made by Mr. W. J. Jones in 
collaboration with the Bureau of Standards people 
before the date of my next report to you. 

“T have myself devoted quite a number of hours ana- 

lysing the results at present at hand, and while my 
conclusions are based on very hasty work, and while 
I consequently must reserve the right greatly to revise 
them when I have all the data before me, I may say 
that, so far as the results of this particular set of tests 
which were undertaken by Messrs. Jones and Wirt are 
indicative, they reveal no noteworthy difference in the 
mechanical characteristics of welds, whether these welds 
are made with bare metal electrodes or flux-covered 
lectrodes, or whether the welding is done from D.O. or 
A.C. circuits. Plotting the results, however, in terms 
of the current employed, the dependency of the mechanical 
characteristics on the strength of current employed 
is very great indeed.” 

‘* As you will remember, the Wirt-Jones samples were 
welded in a dozen or more different places, and the 
operators or authorities at each place were given perfect 
freedom to the methods which seemed to them 
best. Although the weld was always on half-inch plate, 
and always of identical design, namely, double ‘V’ 
the currents employed in the different places 
all the way from 80 amperes up to 175 amperes. For a 
preliminary analysis, I divided the results into two 











groups, the first group representing those in which the 
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All the above welds were made on half-inch ships’ 
steel plate, which may be taken as having the average 
mechanical properties shown in the table 286) for 
mild steel plate. 

The effect of the of current used in making 
weld and its effect on the quality of the weld has already 
been referred to, and the two diagrams Figs. 4 and 5 
illustrate by actual results the general i 
obtained with increasing current strength, so far as 
elongation and ultimate strength are 


‘ll L concerned. It 
wi seen that high current st uce a greater 
number of and ough twobhy ahem’ low eurrent 
strengths. One of the reasons for this is, as has been 


mprovement 


senting those in which the least currents were employed. 
The results for— 

** 1, Ultimate tensile strength ; 

** 2. Tension torque ratio ; 

**3. Angle of bending at which cracking begins ; 

“4, Per cent. elongation in 2in., 
are shown in the following table :-— 





ee Rags wd 
rength in Lbs. 
per Sq. In. 





A. Averages of ten welds with 

heavy currents oe ae 

of nine welds 
nts 


a 
x 














* 
i 


Ratio of A.-B. .. a --/ 1. 





test currents were employed, and the second repre- | st 


welds on half-inch plates of exactly the 
with 200 amperes or more, and contrast these 
with others made with equal care with 100 amperes 


= 


If the indications of the present results are borne 
8 ep 
i ranging aro , + per square i 
while under the last-mentioned tion tensile 
will be of the order of 35,000 lb. to 46,000 Ib. 
Under the first-mentioned conditions 
g angle will be of the order of 50 deg., and 


° 
& 


z 


SPEED OF STRAIGHT LINE WELDING. 





Speed, Feet per Hour. 


under the second-mentioned conditions the bending 
angle will be in the order of 30 deg. Under the first - 
mentioned condition the per cent. elongation in 2 in. 
will be of the order of 8 per cent. to 10 per cent., and 
under the second conditions the per cent. elongation in 
2 in. will rarely be over 4 per cent. to 5 per cent.” 

While it is evident that every argument appears in 
favour of the use of high current , in so far as 
the quality of the weld metal is conce , there are other 
considerations which make great care in the use of these 
heavy currents essential. temperature, and hence 
the degree of expansion, of the metal to be welded becomes 
greater as the current across the arc rises. If a weld by 
reason of its design prevents the movement of the 
of the plates which are being welded, strains may 
set up in the weld metal greater than it can stand, and 
the weld will crack. Such strains can only be reduced 
by decreasing the temperature of the weld, and this is 
accom lished MS aneay the current strength. Mr. 
J. T. Carr, of . Swan and Hunter, has drawn the 
author’s attention to a case of thissort. Along strapped 
butt weld was being made on a somewhat large structure. 
The weld metal was continually giving way, and it was 
only cured by changing the polarity of the work from 
positive to negative, and thus reducing the temperature 
of the weld. It is conceivable that in some welds it 
will be necessary to sacrifice elasticity and toughness 
by doing the work at a low current strength, in order 
to produce a weld as free as possible from internal 


resses. 

The modulus of elasticity of weld metal is of great 
importance, but unfortunately this quantity hag not 
obtained the attention it deserves. Professor Abell has 
communicated the results of * tests, which show 
that the modulus is the same as that for steel and iron 


to its limited volume, 


A great many structures are subjected to continuous 
alternations of stress below the elastic limit of the metal, 
to know how 





with rolled tees author has 
of welds mad h bare wire electrodes 
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withstand as many alternations as the original plate, 
although on the whole the want of uniformity in this 
direction is very marked. The following diagram (Fig. 6) 
taken from Lloyds’ report shows the capacity of a Quasi 
Are lap weld to withstand alternating stresses of various 
magnitudes as compared with a riveted lap joint. 
There is, however, a great deal of work to do in this 
direction before definite opinions can be given on this 
ba important subject. : 

° = the whole matter very briefly, electric welds 
may considered, when properly made, to be quite 
comparable with a riveted joint in all structures 
in which the stresses are evenly distributed, when 
these stresses are continuous or alternating. In 
structures liable to severe accumulated stresses this 
method of joining up steel is not to be relied upon entirely, 
be our p t trol over the composition of the 
weld is not to be relied upon. The problem is by no 
means hopeless, but a great deal of chemical and metal- 
lurgical work yet remains to be done. 

‘ommercial Application of Electric Welding.—To those 
interested in the future of electric welding one question 
must ever remain uppermost, viz.: Will it be an 
economical proposition to electric weld instead of rivet ? 
In the case of small articles such as fresh water and oil 
tenks, hinery ings, and such like articles, where 
thu cost of punching holes and riveting is very large in 
proportion to the cost of the material, there is no doubt 
about the possibility of reducing the cost of manu- 
facture, sometimes by as much as 50 per cent. In the 
case of large constructional undertakings, the cost of 
punching and riming holes and riveting the structure 
does not bear so large a proportion to the whole cost, 
and it is not so readily discernible that the electric 
welding really will pay. The cost of an electric welded 
job depends primarily on three factors, namely, the cost 
of the labour, the s of working, and the cost of the 
electrodes. The labour in all large establishments will 
undoubtedly have to be supplied by the members of the 
Boilermakers’ Society, and as such will be highly paid. 
At present most operators belonging to this society are 
working on time, and are being paid a special “lieu” 
rate which artificially inflates the cost of electric welding 
to an undesirable extent. To combat this it is necessary 
that suitable piece rates should be devised, which brings 
the second factor, speed of working, into the matter. 

8 of welding depends, among other things, on the 
skill of the operator, the current strength employed, 
and the time taken to clean up a weld. A piece rate, of 
course, ought to be based on the working rate of a higher 
skilled operator, and every effort should be made to 
prevent partly-skilled men from working on jobs as 
journeymen until such a rate has been fixed. The pi 
rate fixed to suit a partly-skilled welder Sodey (and our 
best welders are only partly-skilled as yet) will be much 
too high after twelve months’ more experience. The 
current strength employed should naturally be as high 
as can be safely employed, and should not be less than 
100 amperes for wires of No. 10 gauge and downwards. 
The cleaning up of the weld, which is essential in single 
run welds to enable the weld to be inspected, and in 
multi-run welds, to prevent slag and oxide inclusions, 
will vary very much with the amount of deposit on the 
surface of the weld metal. Slag-covered welds take 
a lot of cleaning, and, therefore, slow down the speed of 
working very considerably. Welds with bare electrodes 

quire some cleaning up, and electrodes coated with the 
coatings of volatile material to steady the are require 
least cleaning of all. The cleaning of a weld of the latter 
type if properly done takes 30 per cent. of the time 
occupied in making the weld. 

The rates of welding shown on the curve (Fig. 7) are 
taken from a paper by Mr. H. Jasper Cox, read before 
the American Society of Naval Architects, November 14, 
1918. While the relative speeds are correct enough, 
the actual speeds are wholly fallacious. In the text 
Mr. Cox suggests that 50 per cent. of these speeds is 
nearer the mark, but in the author’s opinion 25 per cent. 
of the speeds would be still nearer when cleaning of the 
weld is included. 

Finally, the cost of the electrode itself must be 
considered. Without going into detail, it may be stated 
that electrodes which cost more than 60s. per cwt. of 
metal in them cannot be used with much hope of economy 
instead of riveting. This places all the slag-covered 
electrodes known to the author out of the question at 
once. This may seem a sweeping statement, but it 
must be borne in mind that in addition to the high initial 
cost of these electrodes they are slower in working, and 
the finished weld requires a great deal of cleaning up. 
Without doubt some of the welds made with these 
electrodes show excellent properties, above the ave: 
for the bare wire electrode, but that does not alter the 
fact that the future is with the cheap electrode which 
makes a weld practically free from surface slag ; and the 
most which can be done at the price in the way of coating 
will be to wash the outside ofthe wire with some volatile 
material which will preserve the electrode and increase 
the conductivity of the arc. Deoxidisers and denitro- 
genisers must contained in the electrode metal, 

the time necessary to produce a good structure in 
the weld be obtained by increasing whenever possible 
the temperature of the weld metal or reducing its solidify- 
ing point. A prolifo source of bad workmanship is the 
highly oxi weld produced by using too long an arc, 
thus causing the electrode to melt off in a series of 
instead of a rain of minute particles. 
on piece work are particular! ene i 
endeavour to speed. the ie they are working on. 
This can be re en reduci 
current voltage to such an extent. 
be made. It is found quite possible in practice to work 
steadily, and make excellent welds with an open current 
pressure of 45 volts, and a generator designed to dis- 











repair @ 


cost of the repair is generall 


seams may effectively be brought to somethi 


somewhat sceptical eye. 











tribute its maximum current at 60 volts is highly suitable 
for welders working on piece rates. 

Electric Welding as a Method of Repair.—aAll the 
above remarks on the cost of welding epply, of course, 
to new works, and not at all to repair jobs. It is often 
possible by the proper application of weld metal to 
aratus which w otherwise require replace- 
ment. such cases cost does not matter so much, as 
the difference between the value of the article and the 
very great. Worn shafts 
and other moving parts of steel can be built be 
to their original dimensions with a comparatively trivi 
outlay, and in boilers, worn landing edges, eg 


their original condition. Owing, however, to the ve 


ts has resulted in the Classification Societies and the 

of Trade looking on all such repairs with a 
A recent memorandum of 
the Board of Trade, dated December, 1918, expresses very 


well official opinion on electric welded repairs to boilers. 


Considerable interest was aroused by the widel 
advertised repairs executed on the cylinders of da: 


German vessels under the xgis of the American Emergency 


Fleet Corporation. The repair of cast-iron by electric 
welding processes is no new thing, and its possibilities 


deserve to be better recognised than they are. A cracked 


or broken cast-iron article is usually regarded as irre- 
pairable, and a great deal of time and money could be 
saved by the judicious use of electric welding. Two 
great drawbacks in the repair of this metal present them- 
selves, and the person desirous of making use of the 
process must take them into account. The first of these 
is that the original metal suffers a greater amount of 
disturbance than steel does, and under the best con- 
ditions loses from 15 per cent. to 20 per cent. of its 
strength in the disturbed area. The second is that some 
of the carbon in the cast-iron dissolves in the weld metal 
and makes it so hard that it cannot be machined, but 
must be ground to shape. This drawback, however, 
can be greatly minimised by using asteel alloy as electrode 
which 3 a low melting — and reducing the current 
strength considerably below that employed in ordinary 
practice. One alloy on the market which gives good 
results in this respect, is a mild steel containing a little 
nickel. 

In conclusion it must be stated that while electric 
welding by the iron are process has very great possi- 
bilities, it has not yet reached anything like a state of 
perfection and must be used with care and discretion. It 
is a fascinating subject and will doubtless attract 
numerous scientific workers when its possibilities are 
more fully realised. On account of the diversity and 
number of the problems belonging to it, it is to be a 
that a final solution of these problems will be reached as 
quickly as possible by a free interchange of experimental 
results and data among the various investigators of the 
process. 





THE FLOW OF WATER IN LARGE PIPES 
AND TUNNELS.* 


1. Taz Frow or WatTeR IN PIPes AND PRESSURE 
TUNNELS. 

By Freperick Joun Matuert, Assoc.M.Inst.C.E. 

THE paper is an endeavour to trace out the incon- 
sistencies met with in many of the older formule, and 
briefly to set out the features that in practice determine 
the ultimate capacity of water-mains. 

Practically all the better-known formule have been 
examined and compared, and the formule giving the 
most consistent results over a r of diameters from 
3 in. to 120 in. have been tabula It was found that 
many of the formule gave good results over a short 
range of diameters, but when extended to the diameters 
that are now coming into use they gave unreliable 
results. This is no reflection upon those who originated 
the formule, as prior to 1910 only about a dozen pipes 
over 48 in. in diameter had been tested. 

The well-known Kutter-Flynn tables with a value of 
0-013 for . oe extensively — - waterworks 
engineers, but whi iving good results for mains, say, 
from 12 in. to 36 int te Gieneten, for mains of pi 
di ter the capacity was found to be greater than the 
formula predicted, although the incrustation was the 
same in amount and character. This knowledge has 
compelled the adoption of a smaller value of n for pipes 
below 12 in. or so in di ter ; or indeed sometimes of 
another formula. The necessity for two formule or 
two values of n to determine with a degree of accurac 
the discharge of mainssimilarly encrusted is objectionable. 

It was with the idea of obtaining greater accuracy in 
determining the flow of waterin incrusted mains that tests 
were made upon mains 3 in. to 30 in. in diameter, and 
upon their entire length, not in short sections or straight 
runs. These mains have been in use from twenty to 
sixty years, and the water is derived from the limestone 
and red sandstone formations which produces an 
incrustation corresponding to Kutter’s n= 0-013. 
About the time these tests were completed (1916), Mr. 
F.C. Scobey’s work on wood-stave pipes (Bulletin No. 
376, United States Department of Agriculture) wasissued. 
The experiments were made upon mains 8 in. to 162 in. 
in diameter, and form reliable data upon which to con- 
struct formule for mains up to about 15 ft. in diameter. 
Since the date of Scobey’s bulletin, the tests upon the 








* Abstracts of two papers read at the meeting of the 
— of Civil Engineers, on Tuesday, February 25, 








New York water-supply tunnels of 14} ft. diamet 
have been issued, on ches have been oy Mew in the 
development of a new set of formule for clean and 
ine mains. 

It has been noted that in the past the greatest attention 
has been paid to the determination of coefficients and 
indices in formule for clean mains, and then a very 
wide margin allowed for incrustation or ageing. Generally 
the allowance for incrustation is the same relative 
amount for the large mains as the small mains, which 
is not tenable. Several expressions have been intro. 
duced to determine the reduction in capacity of mains 
in a term of years, but these are also inconsistent with 
fact, since the incrustation depends more upon the class 


ry | of water conveyed by the main than u the numbe 
varied skill of thé operators at present available, and the 4 -“ ee 


lack of experienced advisers, operations have often been 
carried out on dangerously worn material and highly 
stressed structures, and the inevitable failure of ra 


of years that the main has been in use. 

New formule for clean and incrusted mains are given ; 
the nature and de of incrustation is stated for each 
of three of incrustation ; and a general classifica- 
tion is e of waters which produce these incrustations. 
A survey of formule and of the subject leads to the 
conclusion that the Chezy formula, when a varying 
value of C determined from the value of n introduced, 
as ascertained from the class of water to be dealt with, 
is the best for practical purposes. 





2. Tue Discuarce or Lance Cast-Iron Pirx-Linzs in 
RELATION TO THEIR AGE. 
By Atrrep ATxKINnsoN Barnes, Assoc.M.Inst.C.E. 

DEALING first with the general methods of conveying 
water from a catchment-area by means of aqueducts 
which combine masonry conduits with cast-iron pipe- 
lines, the author points out that the sizes of the former 
portions are usually made, in the first instance, of a 
conecity sufficient to convey the whole of the anticipated 
yield. 

The pipe-lines, however, are usually laid by instal- 
ments, the time-intervals between these being primarily 
determined by the progressive increase in the consump- 
tion of water as found from the town’s supply statistics. 
Hence it is important that the individual discharging 
capacities of the several pipe-lines should be accurately 
known from year to year, and the author therefore deals 
in this paper with the subject of the diminution in those 
discharging capacities as caused by incrustation. 

The paper is an attempt to reduce to a definite law the 
relation between the effect of incrustation of the mains 
on the one hand, and the number of years that these 
have been in use on the other ; and the results are based 
upon observations carried out in the past upon the flow 
in the pipes of the Thirlmere Aqueduct, which supplies 
Manchester with waiter from the Lake district. 

A table of experiments is given showing the hydraulic 
gradients and the recorded flow in pipes of 44 in. and 
40 in. diameter, after these have been in use for various 
mea se The results are plotted on a diagram, and a 
aw is given relating the age of the pipés with the dimi- 
nution in discharge. ese diminutions are expressed 
as percentages of the discharge of a new asphalted pipe, 
which is presumed to work at the particular net hydraulic 
gradient which existed during each experiment. 

A formula is given for the discharge of the clean 
asphalted cast-iron pipe, and a diagram is included— 
based on this formula—from which the quantity passing 
in pipes ranging from 24 in. to 60 in. in diameter, when 
new, can be read off. 

The author’s formula for this clean discharge is :— 

Q = 47-087 d2-768 40-329 cub. ft. per second, 
the dimensions being in feet. 

The actual flow found by experiment in the incrusted 
pipe is compared with the flow in the clean pipe as given 

y the above formula; and the results have led the 
author to adopt for the +> 
equation, to repesent the di 


Percentage diminution in discharge = 13 (age of 
pipe in years) -37, 

In view of the seriousness of the rate of derease of 
flow in the —7 ener the policy is suggested of adopting 
some system of cleaning the pipes before the incrustation 
is very far advanced. 

Engineers in charge of other aqueducts are invited to 
test the formula on large pipe-lines which have been 
conveying soft moorland water for some years, in order 
that t esign of pipe-lines in the future may be based 
upon some squeal percentage reduction in discharge 
when compared with that of a clean pipe. 


in question the following 
minution in discharge with 





GeRMAN ELECTRIC GENERATION AND DIsTRIBUTION.— 
A large State, or at least State-controlled scheme for 


y | the generation and supply of electric energy in Germany 


is said to be in course of preparation 
Ministry of Finance. The aim is to 
most economical and most rational exploitation of 
Germany’s sources of current generation, both the 
roduction and the distribution to be ated by 
aw. There are in Germany over 4,000 electricity 
works, and this, of a necessity, must entail a very 
material waste, a situation of which German experts have 
been aware for years and to the improvement of which 
they have paid much attention. The less profitable con- 
cerns are to be abandoned, and those more favourably 
placed are to be helped and extended. The country 
is to be divided into a number of supply districts, 
exclusively according to technical and economical con- 
siderations. Within these districts the different works 
will be made to co-operate or to combine Tr so as 
to avoid undesirable competition. The scheme com- 


the German 
ry, about the 


uutens sho cupusitation betty at Gye’ cet Sopeete & 
orthern Germany and the water power in the more 
southerly districts. 
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SLIDING FRICTION IN BALL BEARINGS. 
By Mr. Anvip PaLMGREN. 

Tue great value of ball bearings, both from an eco- 
nomical and from a purely technical point of view, ma. 
now be looked upon as generally acknowledged. Wit 
the growing attention which these modern machine 
elements attract, the interest in a more og, end 
of their peculiar features naturally increases. > pre- 
sent investigation proposes to elucidate theoretically 
how the sliding friction occurs between balls and 
races of modern boll beari of different types. It 
is manifest to every one with any experience of the 
practical application of ball bearings that the friction, 
more especially the sliding friction, must be the test of 
the efficiency of the bearing, particularly at high speeds. 
Many other factors, certainly, influence the efficiency, 
such as the quality of the material and the accuracy 
of the wor hip, the nature of the lubricant, the 
loads and various working conditions. When it is a 
question, however, of compara. 2° merits of different 
ball-bearing constructions, the sliding friction supplies a 
fair basis of comparison. So as to confine this investiga- 
tion, as far as possible, to practical cases of some import- 
ance, the numerical examples only apply to the two 
important main types of radial bearings, the single row 
groove bearing and the double row spherical bearing. 

In order to be able to calculate the loss of energy 
due to the sliding friction it is necessary to know both 
the deformation of the small surfaces of the balls and 
races which come in contact with each other, and the 
distribution of the stresses within the respective contact 
surfaces; this knowledge, unfortunately, is incomplete, 
inasmuch as it rests on the formulas theoretically 
deduced by Heinrich Hertz (1881), which have only 
partially been verified by experiment. Even the Hertz 
hypothesis, however, that the reactions are at right 
angles to the contact surfaces, that the bodies are 
elastic and isotropic, that they are in a state of rest as 
against each other, and that the limit of elasticity be not 
exceeded, show that the application of the formulas to the 
conditions within a ball bearing must be taken merely 
as an approximation. As in this case it more especially 
is a question of cc ing different constructions, these 
considerations do not constitute any very serious draw- 
back. 

As, in ‘the first instance, regards the form of the pres- 
sure surface, the pressure figure, according to Hertz, 
generally takes the form of an ellipse. The semi-axes of 
this ellipse, a and b, are functions of the curvature of 
the bodies in contact with each other, the elastic moduli 
and the load. Hertz gives the functions of these semi- 
axes as :— 





a=n4.¢g,b=r@, ‘ ° (1) 
where ‘ a, Zee 
= 3 P (01 + %2) 
q mei +s ‘ P 2 
V rota) ©) 


and P denotes the load, whilst 9; and dg are constants 
depending on the material of the bodies defined by the 
relation 


. 4 m—1 
o= Fm 
E being = the Young’s modulus and m the reciprocal 


= ena : 0 3-64 
of Poisson’s ratio ; consequently when m =F> o= =; 
pi and pyg represent the inverse values of the princrpal 
radii of the one body, pg and ppg correspondingly 
denote the principal curvatures of the other y; 


» and y are coefficients, depending on an auxiliary angle, 
7, which is defined by the equation 


cos r= © (011 — p12)®-+2(pr1 — pre) (p21 — pzg) vue 4 w+ (p21 — pee)? 
Pll+ pi2+ par + pee 

w here being the angle between the normal planes corre- 

sponding to indices 11 and 21. 

The funstional relationship between u, vy and 7 can be 
expressed by means of an auxiliary angle « by the 
formulas 
F (e) — E (e) 

E (e) 


: 
ym noone ma) 2H (6). cone, 


F(e) and E(e) signifying the complete elliptical integrals 
A first and second order, having sin ¢ for ne 
us 


T 
sin! == ctgte 





T 


2 
tp” 


Bo =[ A¢.ae. 


0 
Ag@= / 1—sin? ¢ sin? >. 

By taking a series of values of ¢, one can from these 
formulas, by the aid of tables of elliptical integrals, caleu- 
late a number of co ing values of 7, yu, », 
and subsequently from these we can by interpolation 
find the values of « and », corresponding to a given 
value of 7. These values, to a decimal accuracy, 
can be derived from the scales in Fig. 1. 

In the following investigation 

r = the radius of the ball. 
"| = the radius of curvature of the ball race in the 
direction of the movement of the ball. 


Te = the radius of curvature of the ball race in a 
direction at right angles to the direction of 
the movement of the ball. 

A radius, the centre of which falls within the body, 
is reckoned itive, and a radius, the centre of which is 
outside the y, negative ; that means that a concave 
surface has a negative radius, and a convex surface a 
positive. 

Substituting the functions defined above in 





a=uqdb=~rp, . . (3) 
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when we have 


3 /P rr) 2 
= 1°40 af ; Frese 4 
Y E Urn+enm + 2 ” 
The axes of the pressure ellipse lie in the normal sec- 
tions corresponding to the radii r; and rp. 
In the case when 7) = 1, 7 becomes = 90°, and thus 
| 1, and 


Vere 
a=b=1'll fee ~ 
The projection of the pressure area is thus known as 
regards form and size. The stresses on the different 
elementary layers of the pressure surface arising from 
deformation in the bodies, vary, roceew | to Hertz, as 
the third co-ordinate of a half-ellipsoid having the 
pressure ellipse as a base. The co-ordinate system 
is chosen so that the z y plane is t to the 
surface at its centre, whilst the z axis coincides with the 








semi-axis a and the y axis with the semi-axis 6, and 


the third axis, or z axis, is at right to both. Rela- 
tively to the ball-bearing as a whole, the 2 and < axes 
lie in the same plane as the axis of the bearing, the 

itive direction of z corresponding with the outward 


wn radius. 
The ellipsoid which re: ts the normal stress, Fig. 2 
which may be called the normal stress ellipsoid, has, 


according to Hertz, the following equation :— 


an i-5-% 
t=37aN'-a-R : (©) 
From this it results directly that the maximum stress at 
the centre of the ellipse amounts to 


3P 
fis °° mm 


If the values of a and 6 in equations 3 or 5 are inserted 
in equation 7, gmax can also ° as a function 
of P, E, r, 1 and HM § 

In considering the relative motion of the ball and the 
races the ball will be supposed fixed in space and the 
pred ogi aye su pA ae a ite direc - 
tions. su tion immaterial centrifugal 
stresses mf the bail toe nogineted and the ball will, too, 
in the following, be considered as of no weight. The 
centre of the is taken as the origin of a right- 
pe rey ag of co-ordinates £ 7 ¢, & and ¢ axes 
lying in the same plane as the axis of the and 
with their positive directions outward from the centre of 
the bearing. The positive direction of the » axis is 
supposed to point outwards from the — of the paper, 
Fig. 3. The ¢ axis is taken so that it lies at right angles 
to the line joining the centres of pressure of both contact 
surfaces. f axis forms the angle a with the axis 
of the bearing. 

It is obvious that the ball may rotate round both 
the ~ axis and the { axis. The velocity round 
the ¢ axis may be w,. Knowing and the ———e 
radii from the axes, the angular velocity of both 
can be determined. If R,, signifies radius from 
axis of the bearing to that point or those pointe on 
outer ball race which are at rest in relation to the 
and w, the angle speed of the outer ball race, then 
sufficient accuracy 
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Wy = y Wk . ‘ . 
R’, 


where 1’ is the ratlius from the points mentioned to the 
£ axis. Similarly, if the subscript i is taken to refer 


to the inner race 
rr” 5 
“i= wk" ° ° ° - (9 
. R’; as 


Equations 8 and 9 are exact in two cases, viz., when 
the angular velocity round the ¢ axis is 0 or when the 
point § = 0 is in relative rest. They are in general 
approximately correct, both these conditions being 
:. . vA the | f 
or © oss of ene i 

between ball and ball races, it T sae risen ee 
examine the relative velocities corresponding to the 
opposing pressure surfaces, and also to determine the 
fricti resistance which is, of course, always excited 
in such a direction as to opp the motion taking 
lace. Its maximum value is assumed to be a certain 
raction of the normal pressure at each part, and can 
soted in Fig also represented by an ellipsoid, as indi- 
ca in . 4, 

If the friction coefficient be f, then the value of the 
tangential force will therefore be determined by the 
equation :— $P 

z= a 
=f 1-5 ¥ ae 

Tne relative speeds and their directions depend on 
the shape and position of the deformed contact surfaces. 

Hertz has determined the y- 
As his determination is, however, much too complic 
to be suitable for use in this investigation, it will be 
necessary to be contented with an approximation, rest- 
ing y= the result, also arrived at by Hertz, viz., that 
the depressions at two contacting points are equal in 
both bodies as long as these are of the same material. 
On this onmseation it is possible to obtain an e ion 
for the form of the deformation sustace in apace. "Thea, if 
pi and p2 signify the constant curvature radii of both 
surfaces in a certain plane before the deformation and 
p the common, approximately constant curvature 
radius after the deformation, the three radii which are 








that 
inner angle between the radii p, and pp ‘ 
In the zs-plane the semi-axis a (Fig. 5) of the pressure 
ellipse is so small in proportion to p; and p2 that one 
may put 
P= —atn, 
=n 
Further, Pi nm 
n m 


aA 
These three equations give 
2 
p= 7A 
P2— PL 
or inserting the values on the radii of curvature in the 
wz- plane 





_ 2rv 
p — (il) 


According to Hertz, formula 11 is exact if both bodies 
are spheres. 

80 as to simplify the caloulations to some extent the 
differences in apeal, which might arise on account of te 
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v radii in the and the planes 1 The lower si for the inner ring are arrived at in an {| curves become bent and intersect the z axis in one o; 
od Wb toans as ta be atc ager ‘caine, Wield Ub tlie ta Ge equation | tue places. With a = 90°, the 0, curve becomes 
of size of these speed variations is entirely different from, to signs in Fig. 9. It should be noticed that | s trical round the v axis. The o lines thus divide 
and smaller than, those considered in the calculation, so | { r are always rec itive. t ellipsoid in such a manner that the central part 
Tt, oo 2 cent, te jections of th tangential Lo ae i ee ag Through int ies icelyne =a pd gm nee 

ata ons ‘orces | As Yl,» are very in’ on oO Vv i ound 

inal Giresthong Were us 6, the tion of the onthe, If 3 is the ; that o for a = 90° will be at @ distance 
ellipse in the we nA system ¢ 7 Lc tee 2 = the two bodies under load P, then according to Hertz +0,348a from the origin, Fig. 10. 
that the centres of both elli on a : . 131 one 
bane ma this, Meverer, not be the case, -_ : 3P j dz patie ama fms nar ae r a 
rictional force exist during t > ang ae z 16 = Jp -0, —p 1) 
to ro) i ion, the ‘he said elligecs . Bx (ate) V(a2 + 62 z) (1 + 2) (16) R= 9, Fh ter (22) 
would be removed into the ¢ ¢ ig 0 =o ' $1 : ° . 
BD yin. = pty herical bearing, would mean a Whee s = eed 


, as the ball would then roll 
more like a cone (Fig. 6) with the vertex nearer the 
pall bearing with ‘both Bing Lge ths = Rte 

i races ved, on cont . 
which generally rolls like a sainioe against a cylinder, 
would roll more like a cone with the axis at su ang 
to the axis of the bearing, that the friction would thereby 
be increased (Fig. 7). How such side friction really 


manifests itself i has qupemennly not been 
duly examined so far and may probably form the subject 
of further investigations by and by. — 

Accepting esis that no side friction of this 


f 





é 








3 emer 


infers that the result may turn out less advantageous 
for the spheric bearing than the facts justify. 
The position of the pressure surfaces in the ¢ {system 
rmined i AUR, bei 








eae.) 


having thus been dete . their ing 
known, it is possible to calculate the speed differences 
for different surface elements within the pressure 
surfaces. 

It will then first be observed that the movements in 
@ surface may be looked upon as composed of a linear 
motion and a rotatory movement. If the ball be pre- 
vented from rotating round the ¢ axis, approximately 
straight-lineal movements would arise on account of 
the unequal radii to the points of the pressure surface, 
which movements are parallel with the y axis. The 
amount of this straight-lineal movement at different 
points is easily determined, when one knows the shape 
and position of the deformed surface. The deformed 
surface in the {{-plane generally forms a circle with 
on p a and with the central point on the ¢ axis 
he axis of the bearing is denoted by 2, and the axis 
"ee angles to this passing through the centre of the 


y yi. 
In order further to elucidate the matter, the formula 
for the speed difference at the outer ring is deduced, all 


the ts on the ball move round the ¢ axis with the 
angular velocity @, and all points on the outer ring 
round the 2 axis with the angular velocity w,. Equa- 


tion 8 holds good as regards the mutual relation between 
Se ee . When f= 0 then ¢ = &, and 
w a= 


The speed of the | J Paral the Pali now becomes 
% = {we 
and the speed of the points of the ring :— 
% = Yi wy. 
The difference in speed is thus 


Or = Yt Wy —F we 


S=VeR-B +h —-p. 


Then _ 


Further, (18) 


v= Vv A — [a - (p—fi)cos ak + yx, —psina . 
when 


(14) 


a = Esin a — f cosa. 
consequently, the difference in speed becomes 


rr’ — jensen 
% = o» [FA + J/A—(e sin a 00s a Vpt—aeye 
+ ¥,¥ psina) — JA-#+0- a] . (15) 
& being exchanged for #. (See Fig. 8.) 








b = acose 


3P 01 + 02 
s=%; a . F(e), 


F(e) as before signif ifying the complete elliptical integral 
of tho fires kind ormed with the modulus sin e. en 
the bodies are of the same material one can, as before, 
say that 


then 





3,64 
@1 = 02 = :: consequently 
2-73 P 


C2 . Te 


T Ea’ Ft) 


ar 
Ny, 
























36né *. 





If, besides, both bodies are spherical, then a = b, « = o 
and F (e) = 5 » consequently 

on 2.2 

; a-° Be 
or if a be inserted from equation 5 


oa ves, /E fen 
E2 rr, 


rs] =r-8. 

yw, = BR + ésina a Ne 

The upper signs, here and in equation 22, apply to the 
contact at the outer ring, the lower for the inner ring. 

R’ and fr’ are the radii to the points which are at rest 

relatively to each other, that is, for which v, = 0. 


. + (17) 





(18) 


(19) 
(20) 





. | and this 


M 



































a@ general formula for r’ and R’ cannot be determined 
for the spherical bearing with its oblique contact, but 
must be calculated for each separate case. 

If the expressions arrived at for 4%, Y¥,, % and 
R’ are inserted in equation 15, one obtains the speed 
difference v; as a function of known quantities. 

In addition to this straight-lineal movement, a rotary 
movement round the ¢ axis, may, as already men- 
tioned, occur. Should the moment at the outer and 
inner pressure surfaces be different in the case of the 
ball being prevented from rotating round the ¢ axis, 
then a rotation would occur round this axis in the 
direction of the greater movement if the ball is allowed 
to rotate round the ¢ axis. The angular speed of this 
rotation is determined (see Fig. 11) by the circumstance, 
that the rotation of the ball is not accelerated during 
motion. Hence the two moments at the contact sur- 
faces must be —— great. If, thus, the rotating 
movement takes place with the lar we each 
point in the pressure surfaces of the ball attains a speed 
proportionate to corresponding points in the ball races, 
speed is 
(23) 





a 4 4 ye it oe other, the tan-| ff the ball at z 
orce in point its maximum » | round axes i betw 
fie aise of which is determined by equation 10. The ae pointe aos hontaees aitdes win tottoaniiny ont 
result as regards the brium conditions for the posi- | direction be composed of v, and %, according to the 
tion of the o lines then be this, that those parts | law of parallellograms, Fig. 11. 
Sorreepund with the anevemens in cps dintetion, chowld | oT? tulting speeds are signified bby 0, and for this i 
movement in one i ion :-— 
be al to the of the same vol hich co | Obtained the expression : 
wi movement ite on. = aJ/(vo, + ve 2 sin? +. 

Cn directions are obtained as positive or negative % = aJ(o, + v¢ 008 y+ ve ¥ 

acco: to the value of » in equation 15. The v,_| The upper signs apply to such points, where v, and 
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twist in the same direction round the origin, and the In order to form an idea of how large the frictional | according to Stribeck’s calculations, is :— 











- ite occurs. loss become in practice, the writer has calculated = 2. 
lower signs hold good, when the opposi wukeen foe the lees of ananey at: toe tenee ond. ania Pata « 
Now a both in a single row ball bearing with both races when the bearing contains 18 bells, Owing to the 
os 'y =a + yt and in « spherical bearing of standard dimensions. As | *ymmetry 0 
+¥ the Haters te question soe se » the caloulation we = 0. 
roximate ? ve i i 
pe a ao ee ee ee divi inte 100 71 The friction coefficient for both bearings has been taken 


pressure as 
surface elements, having forms and positions shown “ 
and consequently has” in Figs. 12 and 12a. Siri. 


- et (24) ee a ey SO Oe. Sener eek, ES Hie. Sete In order to elucidate the effect of the sliding friction 
( + eat) ayy: iameter mm. adith have been chosen as | as completely as possible, the results of the 






%3= 














numerical 
‘J 
examples, Fig. 13. : examples are embodied in Table 1, which comprises both 
In order to calculate the effective moment it is also For the spherical bearing pope ply: vp a ye ye respective eng 
necessary to know the leverage of the force round the ¢ = 71425 mm. the mean losses per millimetre for the respective 
origin. If this be signified by H, then it will appear R, = 47°81 mm. surfaces in both + of bearing. It should be noted 
from Fig. 11 that R; = 33°56 mm. pop nm ened Pm be . 
_ e+ We Je + ¥@ 2, = 11, = — 47°94 mm. as absolute values, but must be considered more in the 
H= Vs So r), = 33°655 m.m. igh of relative figures. An extremely important 
cant iit ; . ele which must be taken into account in this 
v, and v, being inserted with different signs for different je mam. connection is the uncertainty of the friction coefficient 
directions of twist. a = 85°46. assumed. 





Tasze I, 


Loss of Energy through Spherical Annular 
Sliding. ing. Ball Bearing. 
kg-mm./sec. kg-mm/sec. 
Total loss ... eve -» 1308 308 
Total loss at an outer pres- 





41 sll 
613 227°5 


Total loss at an inner pres- 
sure surface eee oes 
Maximum loss at an outer 
pressure surface per sq. 


| 


32-0 160-0 






Maximum loss at an inner 
pressure surface per sq. 


290°0 450°0 






Mean loss at an outer pres- 
sure surface per sq. mm. 9-4 52-0 
Mean loss at an inner pres- 
sure surface per sq. mm. 84°7 163-0 


A closer investigation of the quantities concerned 
plainly shows that the spherical bearing is, on the 
assumptions above made, much superior. A good 
illustration of the mutual amount of sliding « of 
the two types of heaeung, fa afforded by Fig. 14, which 
graphically represents function v,, which is the 
entirely pre rant factor. It is also perfectly clear 
that the sli me i bevee ve, See th in- 
creasing breadth of contact between ball and ball races. 

ular ‘bell bearing so that fos’ sliding friotfan ie 
‘ , ann ing so that idi iction is 
I -v, At the Spherical Bearings Outer Ring reduced to a minimum, but in peastios tho nscuaslay of 
T-n » = ” » Inner Ring. providing for some axial thrust has to be met. 

Il-, » .» Annular Bearings Outer Ring. 


+4 
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rrr pee Mortons or Sun, Eants, Moon; Mopsr.—In two 


H 
lectures, delivered before the ae Institution on the 


The reaction for a certain surface element dz dy will The axis of the bearing was taken to revolve at a speed | two last Thursdays, Dr. William Wilson, M.B., F.R.A.8., 
be of 1,000 r.p.m. and the loads on the bearing was assumed | of London, demonstrated the use of models which he has 


a at 500 kg. The angular velocity of the balls round the | designed for explaining the motions of the Sun, 
Ny Zi ey) = me dz dy . " ’ - (26) & axis then becomes and Moon. His chief model consists of a brass rod, or 
the twisting moment of this will then be wy = 289-1 ljsec. axis, horizontally supported at the centre with the sunbal! 
@M=HZdedy . . . (27) , mounted above the pivot and the earth and moon at the 
and the moment for the whole surface The lous of ene hes been ont ted when the bal’ | one ead of the rod, the her ay “eeu i, 


was most heavily laden. The absolute value of this | weight. When the rod is turned by hand about its 
Me Sf Z, dx dy (28) load, from reasons already set forth, cannot be deter- | centre the three bodies describe their several movements ; 

: . mined exactly, but may according to Stribeck’s views | on the table, on which the model io ener is spread a 
the limits for this double integral are so fixed as to com- | (1901) be taken as five times the mean load for all the | sheet, about 5 ft. in diameter on which degrees and the 


prise the whole pressure ellipse. balls of the bearing. If the bearing contains 26 balls | months are marked. By o large number of > 
When the ball during steady motion does not acquire | the greatest len par ball would in this case be pulleys and cords, the movement of the exif are 
any accelerated movement, the two twisting moments, P = 96 kes communicated to the several bodies. The vertical 
as pointed out above, must be equally great. Conse- he : system, supporting the earth and moon, consists of five 
quently, w. has been found to be concentric Boor ye e.g. All these oy — bmp J betaken 
M=M; . ° e ° (29) We == 0°45 Ljeec, to Pieces » separate parts can c to explain 

After having determined w, from this equation or given : , special features and to show, for instance, the 


how 
~ ; 7 z hich value gives a twisting moment at the outer ring | season: uld change if the inclination of the axis of 
@, such @ value, that it satisfies this equation, we may | “, * @ “1: : : gs inyti 
a . ao aie oe 8 mY oie of + 165-04 kg—millimetre, and at the inner ring oi | the earth to the ecliptic were changed 


-. The retrograde 
ewe? —168,20 kg.—millimetre. The itive twisting direc- | movement of the nodal line (the line the nodes), 
eee — a me ‘a be signified by N, the | tion is here cappesel 60 proceed frets the pigilive © axis | the por wrote Pry “eden orbit pre ecliptic ib 
» Pe epee ommaa a become :— to the positive y axis, as the rotation of the ball round | an angle of about 5 deg.), and the forward movement of 
a@N=0,Z:dedy . . ~~ (830) |the £ axis takes place from the positive 7-axis to | the line of (joining the perigee and apogee, the 
and the entire loss the positive ¢ axis. ints at which the moon is nearest to the earth or 
N = ff Z de d 31 The pressure surfaces have, by a graphic construction, | furthest away from it) can also be demonstrated and it is 
.o vy - + + @1) | been divided into elements, and centre of gravity | remarkable that Dr. Wilson’s model should indicate the 
The limits being fixed so as to comprise the whole | co-ordinates of these elements determined. Saros or Chaldean period of 18 11 days (6,585 days) 
ny ee For the annular ball bearing pated: bey iit cred oye hye 70 solar and lunar 
: a aring the pressure on « ball varies during # eclipses of a cycle re-occur same order, because 
its motion round the periphery, that is, the load P is R, jn 7 poo the ine c one revolution) correct 
variable with the . which the radius through the R. = 32-035 mm within one day after ha hap areola =x 9 Ss ra 
centre of the ball forms with the direction of the pressure onay Ma over the country for a of years. this large 
from the axis of the bearing. Other quantities, however, ny = - a model all the orbits are circular; smaller specimen 
also influence this function, such as the of the ty = 33-085 uce Qader doy 
aa in Rrcpertion to the sumber of belle, the material, ted 5 and 6 the movement of ge peo rhe oA 
&e., for ) reason this function is difficult to deter- Sm Dr. makes his main driving wheel expansible, 
poor aee' The total efiect of the sliding friets oa, ph tnd incerta teneion regulatory into hie onde "Praga 
on. idi iction At 1,000 revolutions . 
therefore, not be determined by the calcula- explained the models should , 








tions made above, they afford a for com- Wx = 135 l/sce. Saetas Top te scbidptlon oO the axvetionete St amr ck 
paring different types of bearings. with 500 kilograms load the greatest load on the ball, | and of the sun and moon. 
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ROYAL METEOROLOGICAL SOCIETY. 


THe usual montily meeting of this society was held 
on Wednesday, the 19th inst., at the Society’s Rooms, 
70, Victoria-street, Westminster, Sir Napier Shaw, 
F.R.8., President, in the chair. 

Dr. 8. Chapman read a paper entitled “ The Lunar 
Tide in the Earth’s Atmosphere.”’ The lunar tidal 
variation of barometric had been well deter- 
mined at Batavia, from fifty years’ hourly record, and 
from shorter series of data, extending over about five 
years in each case at St. Helena, Singapore, Rome and 
Samoa. As very little was known about its dependence 
on latitude, season and the distance, declination and 

hase of the moon, a new and detailed discussion has 
been made of thirty and twenty-eight years’ rd of 





SOCIETY OF GLASS TECHNOLOGY. 


THE February meeting of the above society was held 
at the University, Sheffield, on February 19, 1919. 
Mr. J. Connolly occupied the chair. The first paper, 
entitled “ The Properties of the Lime Soda Glasses ; (2) 
The Resistance to Water and other Reagents,” by J. D. 
Cauwood, M.Sc., Constance Muirhead, B.8c., and 
W. E. 8. Turner, D.8c., was read by the last named. 
Several glasses had been melted on a small scale, and 
the lime content had been increased by definite amounts. 
The resistance of each glass to the following reagents : 
water, caustic soda solution, sodium carbonate solution, 
hydrochloric acid, had been tested. In every case it 
was found that increasing the lime content brought about 





barometric pressure at Batavia and Hong Kong re- 
spectively. The results are described in this paper, and 
considered alongside the pre-existing values from the 
stations above named, together with the Greenwich deter- 
mination recently published in the Quarterly Journal 
of the Society. It appears that the amplitude varies 
approximately as the fourth power of the cosine of the 
latitude, while the phase varies somewhat irregularly 
from 33 deg. (Samoa) to 114 deg. (Greenwich), where 
90 deg. corresponds to the occurrence of maximum 
pressure when the moon is on the meridian. No de- 
pendence on lunar phase or declination was detected, 
while as regards the moon’s aeons an ge »- 
amplitude from apogee to perigee was observable, tho 
less than the increase in the tide-producing force. Distinct 
evidence of a seasonal variation of amplitude and es 
was shown by both the Hong Kong and Batavia deter- 
mainations. conclusion drawn from the various 
results is that the lunar atmospheric tide is not a simple 
tidal phenomenon, but is complicated by other effects, 
notably by resonance with an adjacent free period of 
vibration of the atmosphere, and possibly also by more 
local causes, such as the rise and fall of the ocean. 

Mr. Miller Christy also read a pe r entitled ‘‘ The 
Gunfire on the Continent during 1918: its Audibility at 
Ohignal St. James, near Chelmsford.”” Observations on 
the audibility of the Continental fire have been made 
by the author for four years. e results for previous 
years were brought forward in earlier papers. In 1918 
the first sounds were heard on the evening of May 8 
and the last on August 26, thus confirming previous 
experience that there is audibility at the writer’s post 
of observation in Essex only during the summer months 
The period of audibility in 1918 amounted to 15 weeks 
5 days. In previous years the periods were 1915— 
17 weeks, 3 days; 1916—15 weeks; 1917—19 weeks 
4days. ‘The average for the four years is 17 weeks. A 
feature of 1918 was that the so’ were less loud and 
distinct than in previous years and there were none of 
the periods of extreme loudness which had before been 
noticed. 





Swepish Inon Works and Mines IN GERMAN 
PossEss1on.—The estate of the recently deceased Liibeck 
Senator Possehl comprises considerable interests in 
Swedish iron works and mines, including the large 
Fagersta concern, with blast furnaces and very extensive 
possessions, also the Carlsdal concern, and shares in 
mining property in Dalecarlia and other iron works. 
The most important item, however, is some 50,000 shares 
in the large Gri&ngesberg-Orelésund concern which 
controls the bulk of the Swedish iron ore export ; and 
for which Possehl was the representative for Central 
Europe. A large portion of the Gré berg shares 
was formerly pen a by an English financier who 
with them'some years ago. The Possehl estate also 
controls a large part of the shares in the Orkla Mining 
Company, Norway. 


Untrep Srares Minerat Ovurrvut rm 1917.—We read 
in Commercial America, Philadelphia, that the value of 
the minerals produced in the United States in 1917 
was 5,010,948,000 dols., an increase of 1,496,976,000 
dols., or about 43 per cent. over the former record of 
3,613,972,000 dols. established in 1916. The blast- 
furnace products (pig-iron and ferro-alloys), conger, coal 
and petroleum contributed 74 per cent. of total 
value of mi 88 per cent. of the 
increase in 1917. metals established a new record 
in 1917, ny Senge at nearly 2,092,000,000 dols. and 
representi per cent. of the total value of the mineral 
product. “Phey showed an increase of 471,316,000 dols., 
or about 29 cent. over the 1,620,508,000 dols, 
for 1916. blast-furnace products contributed nearly 
90 cent. of the total increase. Increases were also 

in the value of aluminium, copper, lead and silver, 
but decreases were recorded in the value of gold and 
zinc. 








Tus Exvsorricat Appointments Boarp.—The Elec- 
trical Appointments Board (see Institution Notes, No. 7, 
page 26, June, 1918) have on their register applications 
for employment from a considerable number of members 
of the institution at present, serving in His Majesty's 
Forces and e ting early demobilisation, or recent] 
demobilised. e board desire to impress upon 
employers the strong claims of these members in regard 
to priority of employment, and they will be to receive 
particulars of vacancies in the electrical industry. On 
receipt of particulars the | 
employer the names of applicants possessing qualifica- 
tions similar to those desired. No fees are charged. 
Communications should be addressed to The Secretary, 
the we ree Board, 1, Albemarle Street 
W.1. The members. of the board are: Mr. L. B. 
Atkinson, Mr. F.:Crawter, Mr. F. Gill, Mr. J. 8. High- 
field, Mr. H. C. Levis, Mr. W. R. Rawlings, Mr. R. T. 
Smith, Mr. C. P. Sparks. Mr. J. Swinburne. 


will submit to the 





ing resistance. 

The second paper, “ The Properties of the Lime Soda 
Glasses ; (3) The Thermal Expansions,” by 8. English, 
M.8c., and W. E. 8. Turner, D.Sc., was read by Dr. 
Turner. The same series of glasses mentioned above 
(i.e., lime tents increasing to 10 per cent) had been 
tested in regard to thermal expansion. It had been 
proved that the expansion d d as the lime content 
increased. Both papers proved the value of lime as a 
constituent of ordinary glasses. 

Professor P. H. Boswell, 0.B.E., B.8c., then addressed 
the society on ‘‘ Impressions of the Glass Industry of the 
United States gathered on a Recent Vésit.’’ First of all 
Professor Boswell dealt with the supplies of raw materials 
as found in the States, and stated that six sands were in 
general use, one of them a beautiful sand, from Rock- 
wood, Detroit, was used exclusively for optical glass. 
The American “‘sands’’ are not found as such, but in 
the form of sandstone (fairly soft). This is blasted, 
washed by water under pressure, into the bott of 














THE GERMAN ALKALI INDUSTRY DURING 
THE WAR. 


An official gp on the position of the German 
alkali industry during the war points out that, apart 
from a somewhat speculative rise in the quotations of 
the shares, this industry has suffered considerably more 
than have many others. With regard to the sale 
conditions, the embargo restrictions had materially 
reduced the sale to the Allied and occupied and neutral 
European countries and entirely — the sale to the 
United States, but this had been partly counterbalanced 
by the fact that the homeagriculture, as well as that of 
the neutral countries, at an increasing rate required alkali 
products owing to the likewise increasing shortage of 
nitrogen and phosphates. The export to the Allied 
and neutral countries had been as per the appended table, 
the figures representing 100 kg. of KeO :— 





_— | 1913. | 1914. | 1915. | 1916. | 1917. 




















The Netherlands 
..| 436,700 | 424,200 | 291,000 | 571,200 | 439,200 
Switzerland ..| 34,700 | 42,800} 25,400 | 67,400 | 47,000 
Sweden .-| 208,400 | 259,200 | 249,900 | 276,900 | 158,100 
Norway --| 36,800 | 49,700 | 39,600} 31,200] 67,600 
Denmark -+| 75,300 | 75,700 | 78,500 | 153,100 | 67,400 
Austria- 
Hungary | 283,000 | 268,400 | 230,561 | 326,600 | 368,000 
Belgium -.| 152,300 | 114,806 | 108,595 | 104,000 | 144,300 
Russian Poland _- 74,500 | 12,900} 39,700] 14,200 





The proportion between the foreign and the home 
sale was as under —: 





the pit, whence it is d up to the top of the pit. 
It is emptied into concrete bins, and works down through 
steam ~— until it emerges as dry, clean-running sand. 
The top layer of steam pipes have a diameter of 3 in., 
the bottom 1 in., and there is about 1 in. clearance 
between the pipes. The sand is then loaded into covered 
wagons, each of which contains 50 tons to 80 tons of 
sand. The cost of labour in the sand pits is greater than 
that in this country, the workmen being paid about 
le. 6d. per hour, and yet the price of sand is less than 
that of English sand. The price of the washed, dried 





Foreign 5,055,960) 3,684,260) 1,191,500) 1,570,400) 1,305,890 
Home ..| 6,046,780) 5,357,110) 5,608,250) 7,266,560] 8,736,960 


Total ../11,103,694/ 9,039,883] 6,797,764) 8,839,700/10,042,850 


Value in 
millions 
of marks 2024 164} 1113 164 230} 


























Of the total sale, the distribution was as follows :— 





sand at the pits varied from 5s. to 9s. per ton, and on the 
whole was superior to English sand. The cost of trans- 
portation also was less than in this country, the highest 
rate being about 5s. per ton. The fact that American 
sandstone firms can put their sand on the market so 
cheaply is due to the immense amount quarried per 
annum. One firm alone quarries nearly 500,000 tons per 
year. They calculated that the overhead charges for 
200,000 tons are not much greater than for 50,000 tons. 
The quarrymen work about nine hours per day, but 
contract to keep the bins full, and thus work consider- 
able overtime to make up for loss of output due to bad 
weather. Professor Boswell afterwards dealt briefly 
with American supplies of potash and felspar, and then 
passed on to the question of refractories. He showed a 
specimen of a glasshouse pot, which had been developed 
by Dr. Bleininger, and this pot, after the melt had been 

rformed, was perfectly white in colour and very close 
in texture. In making their pots the Americans were 
substituting Cornish kaolin by kaolin from Georgia, and 
were using clays from Tennessee and Kentucky in 
place of those from Devon and Cornwall. Considerable 
advances have been made in slip casting pots, one 
firm who were building pots in the lish fashion used 





parted | raw fireclay and grog. Tank blocks were also bein 


made very successfully, and considerable researc 
has been carried out on “‘Humidity Drying.” There 
was also considerable manufacture of silica bricks in the 
States, the methods employed being much the same as 
in the United Kingdom, except that bricks were burnt 
for a much longer period than in this country. Dr. 
Boswell then dealt briefly with the various types of glass 
manufactured in the States, and laid special emphasis 
upon the number of labour-saving devices in use, which 
resulted in a huge output. 

In the debate which followed, Captain J. R. Clarke, 
Mr. C. J. Peddle and Mr. F. G. Clarke took part. 

Before the meeting the members of the soceity paid 
@ visit to the works of Messrs. Beatson Clark and Co., 
Limited, at Rotherham, and the thanks of the society 
are due to the directors for their kindness on the occasion. 
The next meeting of the nce | will be held at Birmingham 
on March 19, when a paper will be read on the slip casting 
of pots. 





GerMan anD INTERNATIONAL Iron Prices.—Much 
dissatisfaction is expressed in Germany at the price 
policy of the country, com; with that of other 
markets. It is urged that whilst a downward tendency 
manifests itself elsewhere, rman manufacturers 
seem bent moving in the opposite direction. In 
Switzerland prices are giving way 0 to French 
influence, in Holland owing to British, whilst in Ger- 
many a further increase of the quotation is being con- 
templated owing to the desperate conditions of labour, 
the prices as 
eight-hour day and the rise in wages. A rise in the 
prices of iron of about 100 marks per ton was decided 
upon only a few weeks ago ; this in most cases raised the 
_ to more than three times what they were at the 

ginning of the war. The export prices have also 
been kept at a very high level, partly even materially 
higher than inland prices, although there is every 
reason to anticipate a material all-round fall in prices on 
foreign markets. The low German exchange of course 
gounteracts somewhat the high quotations, yet keen 
apprehensions are felt in Germany in this connection. 


for coal, coke and raw materials, the: 





per cent.|per cent./per cent./per cent.|per cent. 
Agriculture 904 91-2 92-0 94-1 95-7 
Industry > 9-6 8-8 8-0 5-9 4-3 








The combine movement, which had already com- 
menced before the war, became all the more necessary 
as time went on, inasmuch as the 191 potash works, 
in operation on August 1, 1914, had increased to 209 on 
January 1, 1918. The result of the new system was 
that 40 out of 50 shafts with temporary, and 59 out of 
159 with final, allotments were discontinued. The total 
number of hands employed on February 1, 1918, 
amounted to 31,740, including 11,361 prisoners of war 
and 2,336 women, against a total of 34,316 hands on 
July 1, 1914. The average wage for the last three 
months of 1917 was 6-20 marks, against 4-37 marks 
for 1914, 4-30 marks for 1915 and 4-83 marks for 1916. 
The state of the different extension works was un- 
favourable and new installations and preparatory work 
had, on the whole, been confined to what was absolutely 
necessary. 





CriticaL Position oF THE GERMAN Inon INDUSTRY.— 
As an example of the critical state arising from diverse 
causes in which the German iron industry is at present, 
it may be mentioned that the large Héchst Sléckst 
Iron and Steel Works in November, 1918, had a loss of 
2,000,000 marks, and in December a loss of 3,000,000 
marks. These deficits do not contain any writings-off. 
There will also be a substantial deficit for January. 
For the sake of comparison it may be added that the 
Hochst Company for the year ended June 30, 1918, 
showed works profits amounting to 27,630,819 marks 
and net profits amounting to 12,566,952 marks. 





VacuuM-JAOKETED VESSELS OF PoRcELAIN.—Vacuum- 
acketed vessels of porcelain, made by the Royal Porcelain 
ufacture, of Berlin, have been tested at the Reich- 
sanstalt. One vessel was of a capacity of 2-75 litres, 
and it was compared with a glass vacuum vessel of the 
same size, both being silvered inside. When charged 
with liquid air the porcelain vessel lost 28 grammes per 
kilogramme of liquid by evaporation under given con- 
ditions when the glass-jacketed vessel lost 40 ’ 
both the vessels being about half full; in this case, 
therefore, the porcelain vessel was superior to the glass 
vessel. In similar tests made with water at various 
temperatures above freezing-point the advantages were 
reversed, the glass proving the better heat insulator. 





VatuaBLE Coat Discoverres In SwepENn.—The 
Swedish Government has just granted a concession for 
coal mining to the large Uddeholm Company. The 
Swedish eg yee Department penpesres the existence 
at Billi of most valuable coal, having a calorific 
value of 10,180 calories. Its distillation is expected to 
yield valuable oils. The coal is also said to contain 
vanadium. The Skora-Timmerdala railway passes 
immediately below the coal basin. in question, and 
there are both State and private hydro-electric power 
stations within a convenient dist The d ts are 





located some 4 m. to 5 m. below the top of the mountain, 
and both the winning and the transport will be excep- 
tionally easy; there will, further, be no trouble from 
water. The total cost of winning is calculated at 
11-50 kronor per ton. 
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SELEOTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOT OF 1907. 


number of views given in the Specification Drawings is stated 
ers; where none is mentioned the Specification is not 
Where inventions are communicated from abroad, the Name, éc., 
of the Communicators are given in 
may be obtained at the Patent Office, Sales 
Buildings, Chancery-lane, W.C., at 


ELECTRICAL APPARATUS. 


121,399. W. Higgs, Birmingham. Alternating 
Motors. (2 Figs.) February 13, 1918.—According to 
the invention, there is combined with the motor a centrifugal 
tan c, the discharge edges of the blades of which rotate in a circle 
of r diameter than the stator of the motor, the o or inlet 
side of the fan being presented to one or other end of the stator 
30 that all the air which is caused to enter the fan on the rotation 
of the same is drawn through and around the stator and rotor 
windings, a small portion going through the gap between the 











stator and the rotor windings, and the remainder through the 
motor core. The air discharged from the — edges bo 
the blades of the centrifugal fan escapes ough openin 
the casing of the motor. The centrifugal fan is accomm ated 
in a chamber or compartment 6 at one or other end of the motor 
the said motor casing being preferably formed with a 
chamber or compartment at each end so as to admit the fan being 
a at either end of the statorat will. (Accepted December 30, 
19 
121 ,664. . T. Henley’s Telegraph Works Company, 
Limited, Letten, and E a Aaa Judge, Gravesend. Electrical 
Fase Boxes. (6 .) February 5, 1918.—This invention 
relates to electrical fuse carriers pe nee kind eS the fuse wire 
is threaded through two narrow tu ding at an 
angle to one another through a mass a ulating on and 
by an obstruction over which the ro wire is bent, 
of asbestos being fixed in such ow over the adjacent 
. of the two passages as to —- y cut off communica- 
tion between them. According invention, the summit 
of the obstruction 26 is raised considerably. above the plane 
whereat the two tubular passages 24 convergently debouch, and 





the pad of asbestos 27, which is apertured to give passage to the 
fey eye ~ portion of the obstruction, does not overlie that part 
f the fuse wire 21 which is bent over the obstruction, so that 

the gases evolved on the fusion of this part of the wire in the 
event of the fuse blowing are free to escape through ventilation 
holes 81, 32 provided in the wall of the t fuse carrier, without 
gaining access to the contact terminals. The asbestos pad 27 
May be retained in position by a disc or cap 28 superposed on 
the pad and apertured to give e to the obstruction 26 and 
the contiguous portion of the fuse wire; this disc or cap being 
seeured by means of a member removably attached to the body 

of the fuse _— (as for example, by being screwed upon or into 
the latter). (Accepted January 8, 1919.) 


GAS ENGINES, PRODUCERS, AND HOLDERS, &c. 


121,673. TT. A. N. Leadbetter, Hale, A. L. Knox- 
Gilchrist, Lytham, and W. H. Tate, Ashton-on-Mersey. 
Internal-Com Engines. (2 Figs.) February 26, 
1918.—This invention relates to internal-combustion engines 
of that type in which the passage of the gases to and from the 
working cylinder is — led by a pecatecntion sleeve valve. 
The ae 1 is housed in the wall 2 of the cylinder. The 

epending head of the cylinder is dispensed with, and a 
pa 5 3 formed in the cylinder wall, into which is fitted the 
packing ring 1, which tends to contract inwardly, so that it 


presses the outer curved face of the sleeve valve 4. This 
packing 1 is kept in its groove by means of an upper retaining 
5, sits in another radially deeper groove on top of the 
ve, is itself held in place by the detachable 
head 6 of the cylinder. Ties sep Seed © Seen net 6 
int a cylinder, an tly may be quite effectively 


permit of free inward P a 
valve 4. a construction, an ordinary domed 
type of cap bead for th the egtnter may be provided as shown, 


sleeve-valve operated engines. A further van 
arrangement accrues from the fact that the wear on packing 
ring 1 being taken on its interior face, as the ring continues to 
wear and to contract on the sleeve 4 the split in the ring tends 





to close up, and the gastight sealing action of the ping actually | 
improves, therefore, a8 wear takes . The d ition of 
the packing ring in the cylinder wall with reference to the extreme 
end of the sleeve valve is such that the latter in its towens position 
is still in contact with the cking ‘ue and does not over-run it. 
The invention is applicab’ cyltader type of sleeve-valve ae 
whether comprising a a. ae ri yt a duplex engine havin 
twin cylinders. (A 919.) 


121,536. N. Rees, fron 

Regenerative Bricks or Blocks. 

1918.—This invention relates to honeycomb work of ag ve 
hot-air stoves which is built up of bricks or blocks ich have 
openings therethrough for the passage of gas and air alternately, 
and which also form between them when built up passage-ways 
for the passage of gas and air alternately. According to this 
invention, the surfaces of the bricks or blocks which, when the 
bricks or blocks have been built up, receive and radiate the heat 
are formed as corrugations, which run wise of the 


is formed with a 
of radial 
jections o! 


agp gees y a therethrough, and with a number 
— al which butt against corresponding Pro- | 
the surrounding bricks, whereby a number of passage- 





ways b are Mo yo Se bette od addition to the pumer 
ways @ w pass through m, passageways 
conveniently each of the same size and shape as the 





ways a; but, according to this inventi wh ch 
form the heped thet tn @ are corrugated, as shown, and the bricks 
are 80 t the openings which form the 


are sastieety corrugated. Preferably, the 
and preferably also the hollows of the interior co: 
in the directions of the radial projections, whereby 
may be made lighter for their strength than woula' be the case 
if the hollows were agp ye ne - in respect of the pro- 
jections, and the hollows of rior co; ions form the 
sides of the projections. (Accepted December 31, 1918.) 


LIFTING AND HAULING APPLIANCES, 


121,671. R. W. Maudslay, Coventry, and The Standard | 
— Com: y, Limited, Coventry. Lifting Jacks. 
ig.) February 18, 1918.—According to this invention, a 
lifting jack (for example, a screw jack) comprises in combination 
therewith a base with a smooth underside and upwardly-turned 
edges, and a table provided at one side with an upwardly-directed 
portion. The formation of the base, and also the projection on 








the table, provide in conjunction with one another means for 
ee f locating the jack under the part to be lifted. Secured 
the base A of the jack is a plate B having a smooth 
je aay and provided with u 
rounded edges B2. on the table C of the jack is 
having an upwardly-directed edge C2, form ing a wall 
which extends high enough to lie against the side of the part to be 





SF. is there held in known manner b 


(2 Figs.) January ry 


passages | 
through which the gases and air pass alternately. Each brick A | 


being is 


formed of reverse curves, which run tangentiaily into one another, | 


under 
ardly and cubenrdly tnctined = the 


such type of cap lending itself readily to paepetranint by « ifted when the table is in contact with its under surface. The 
of fins, which in this case need not-be of any considerabl depth. handle D of the jack is provided with a cranked end Di. The 
and a construction such as described, therefore, allows ‘the air- | handle is attached to the jack by the provision upon it of a 
cooled type of engine to be successfully applied to the case of | squared end, which enters a ie ar i nocket, and 


chain attached to the body of 


enable the 


ng 
of movement of the jack i 5 ~~ The 
until the wall C2 rs comes into con’ 
of the part to be lifted yey SE het when 
this occurs the jack is egeey Ape for lifting. By means 
of the cranked handle D1 —— be rotated 


: 
: 
at 
fi 
4 
s 
3 


a a a cainen | ee ae 





Highfield, per London. 

. oc ig) yn - 18, 1917.—This nvention relates 

to tended to bo run under water, According 

<o thus invention, the hath banrtng to op constrasted! that suber 
of the water to the interior of the > 

viding a reservoir connected to the f 


ope —~ ) &. 


g 


cap 9 and a 


a 


voir is a collapsible bag 11 


SS 
ee 
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Jas 


Ves ra 


UN 


KAY 





The reservoir 


| placed a weight 12. 
with lubricant thi 


| opening 16  F Provided in Gee i 


11, 
The effect of the heed ot water in tending to force the water into 
| the beari between 2 Se me the 


Ge presses calles te 
is merely that due to the 
(Accepted December 31, 1918.) 
131.008. 


C. O. Schneider. imbledon, London, and 
J.J. » London. Files. Nee) October 18 1917,— 
This invention rants ‘oils in Shieh the tothare of sreat 
form or are occam pon arcs of circles, } gy = across the 
face of the file. According to _— invention, | d of the 
centres of the arcs being pon the centre line of the 
file they are disposed upon a line inclined with respect to said 
centre line. The line of the centres may be such that it bisect« 
| the centre line in the middle of the length of the file, or at any 
| other point, or it may be disposed upon one side of said centre 


ANN 
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line, and be either wholly contained within the width of the 
@ indica 


file or be wy Fa or wholly outside — ites the body 
of the file and 6 the teeth, which are of arcuate outline, extending 
unin‘ ptedly across the face of the are all arcs 


of circles or equal radii, and the line of the centros of sald teeth 
are di the line ¢ 2, which, as will AT 7, ome 


changing the stroke of the file. (Accepted December 31, 

| 121,685. . Shaft Couplings. 
.) March 27, 1918.— is of the known t 

in which the shafts are connected by ale dng 


a sleeve in which are 
vided two bolte passing through "shafts mutually at 
angles to each Other and to the exes of the respect ive » @ac’ 
py adapted to rock 5 8 = ‘about the — i 
member. Accor 4 
the bitte Di, De ing e invention 


pass sockets or cuffs Bl, B2 
to the shafts Al A2, and to rock in contact with the 
internal surface of the outer sleeve or muff C; for this 
pode yng LST socket is ly conven, "the 


the shaft ein direction at right to shal 
an 1 angles while a 
inclination Gea uae on 


= oo The 
in diameter of (te saa eae zh hy with the externa! 
maximum diameter of the cuff city hroughout it ent, of I tay 
be part y cupped or conrave to conform with th 
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the cuffs. Each cuff is tightly keyed on its respective shaft, 
the keyways being in planes preferably at right angles to cach | 
other and to the shafts, the cuffs and muff are coupled by pins 
or bolts passing through the shafts at right angles to the axis 





and through the central transverse planes of the cuffs, and 
substantially at right angles to the keyways in the cuffs. 
Accepted January_8, 1919.) 


121,6%. William Beardmore and Co., Limited, Glasgow, 
and T. Broadbent, Glasgow. Holder for Form-Tools. 
(3 Figs.) January 8, 1918.—The invention has for its object a 
holder for form-tools—that is to say, tools, the profile of the 
cutting edge of which is counterpart to the profile of the work— 
in lathes such that the tool may be in the form of a bar or a 
series of bars assembled together of the required contour, with 
the cutting end at an angle to the base—thus, the tool may be 
sharpened simply by grind the end and “ backing-off ” or 
covet’ processes for providing tool clearance be dis 

ith. The base A is secured to the cross-slide of a lathe, and 
the groove A! is not only at a greater angle than a tangent to the 















































(21 696) 


work B, but is also inclined in the plane of rotation of the work. 
At the inner end of the groove a locating stop C is provided in a 
eross-piece Cl secured to the base by studs. The form-tool D, | 
in two parts, is located against the back and the bottom of the | 
groove by set pins D1 entered at an angle through one of the | 
side walls of the groove, and its cutting faces E, El are contoured | 
counterpartly to the profile of the work B. It will be seen that 
the’ base is so adjusted in height that the tool performs its cut | 
while passing beneath the lathe centre—that is to say, at a point 
out by a line passing through that centre and at an angle of the 
movement of the slide carrying the base. (Accepted January 8, 
1919.) 


121,705. Greenwood and Batley, Limited, Leeds, and 
T. Atkinson, Upper Armley, .  Tube-Bulging 
Machines. (4 Figs.) July 25 1918.—This invention relates 
to improvements in machines for bulging the ends of tubes. 
Accor — this invention, the tubes are brought opposite the 
bulgin, is by means of a pair of intermittently rotating 
notched discs in gear with another pair of notched discs revolving 
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im an opposite direction, so that when the tube is at the tool 
station, the two pairs of discs completely encircle it, maintaining 
it in its circular form while the tools expand its ends, and act as 
stri hen the tools are withdrawn after the bulging opera- 
tion. Upon a table 10 are d two headstocks 11, each | 
porting a spindle 12 having at its end a bulging tool 13. The | 
spludies 12 are actuated by cams 141 mounted on a shaft 14, | 


+ 





driven through a toothed wheel 142 gearing with a pinion 151 
running free on a shaft 15, upon which turn loose and fast pulleys 
17 and 16, the latter being fast with the pinion 151. The tubes 
to be operated — ty down a shoot 18 into the notches 191 
in two discs 19 keyed to a shaft 20, and on a shaft 21 are two 
discs 22 having notches 221, the shafts 20 and 21 being geared 
together. On the shaft 21 is a segment wheel 23 driven inter- 
mittently. The discs 19 and 22 areintermittently turned untilthe 
notches 191 and 221 co-act and hold the tubes, and while they 
are so held the spindles 12 move towards them and the bulging 
tools 13 on the spindles enter the ends of and expand the tubes, 
shoulders being formed on the tubes which, being in contact with 
the discs 19 and 22, prevent movement of the tubes when the 
bulging tools 13 are withdrawn. On further movement of the 
discs 19 and 22 the tubes are released and fall down a shoot 27. 
(Accepted January 8, 1919.) 


MOTOR ROAD VEHICLES, 


121,616. Wolseley Motors, Limited, Birmingham, and 
E. Reeve, B . Change-Speed Gearing. (2 Figs.) 
October 25, 1917.—This invention relates to change-speed gearing 
of the spur epicyclic type, in which the change of speed ratios is 
effected by the aid of electromagnetic clutches, the gear being 
more especially intended for use on motor vehicles. One form 
of an electro etic change-speed and reverse gear of the 
spur-wheel epicyclic t according to this invention is charac- 
terised by a construction such that the three co-axial sun wheels 
A2, Di, employed therein, two driving and one driven, are 
not only co-axial, but are of three different sizes ; that the driven 
sun wheel A2 is larger than the other two; and that the three 

lanet wheels 3, 1, 2, which gear with them (a) arerigidly connected 
© one another and turn about a planetary axis B parallel to 
the axis of the suns, and (b) have the smallest of the three planets 
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geared to the largest of the three suns, whereby a reverse is 
obtainable as well as three forward speeds, and that two of the 
forward speeds are obtained by holding stationary the support 8 
of the planetary shaft B. An alternative construction of electro- 
magnetic change speed and reverse gear of the spur-wheel 
epicyclic type escenliing to this invention differs from that which 
is above referred to by the addition of an extra planet pinion 4 
fixed to the others, and of a brake-controlled fourth sun wheel L 
with which it gears, the fourth sun wheel being loose and turning 
on bearings that are co-axial with the driving shaft, and being 
also combined with a stationary electromagnetic brake K appro- 
priated to it, whereby it can be locked to and released from the 
stationary — X of the mechanism to enable additional speeds 
to be obtained, forward or reverse as desired. (Accepted 
January 8, 1919.) 

121,670. R. W. Maudslay, Foleshill, Coven 
Standard Motor Com 
Motor Road Vehicles. 


try, and The 

y, Limited, Foleshill, Coventry. 
(1 Fig.) February 18, 1918.—This 
invention relates to hoods for use on motor vehicles of the kind 


in which an extension is provided, which projects over the front | 


seats in the case of a four-seated car. According to thisinvention, 


its pivotal connection to the side link which connects the first | 


. = 
: \\ Wy \ 
in a hood of the type described there is provided a supplementary | (\ 
hood-stick, characterised in that it has only two connections on | \ Z 
| each side of it with the remainder of the hood frame, namely, | NS . QY 
Ra ZA 
Seas 
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and second hood sticks, and its connection with a supporting 
link carried by the front stick. The main hood stick A carries 
the known construction of the front extension of the hood, which 
consists of the first, or front, extension stick B, pivoted to it 
at Bl and articulated at B2, a1.d the second hood stick C, pivoted 
to the main hood stick A at Cl. The hood stick C is supported 
by links D on either side of it, which are pivoted to it and to the 
hood stick B. The ageeey hood stick E, which is the 
feature of the present invention, is pivoted w the above- 


mentioned side links D, and is itself 
links F, which are pivoted to it and to the hood stick B at a point 
in advance of the pivots of the links D. The supplementary 
hood stick E and its supporting links F are so proportioned and 
situated on the front extension, and their pivots are so located 
that when the hood is folded in known manner the hood stick E 
lies closely between the first and second hood sticks B and C. 
It will be seen that by the provision of the above-described 
supplementary hood stick the hood fabric is supported between 
the front extremity of the hood stick B and the hood stick C, 
thus avoiding the excessive sag liable to occur there. (Accepted 
January 8, 1919.) 


STEAM ENGINES, BOILERS, EVAPORATORS: &c, 


121,169. The British Thomson-Houston Company, 
. on, and F. Samuelson, Rugby. Feed-Water 
Heaters and Steam Condensers. (2 Figs.) December 1, 
1917.—This invention relates to power plants in which part 
of the exhaust steam from the engine or turbine is used to heat 
the feed-water supply to the steam generator. The invention 
consists in dividing the feed-water heater surface into two 
elements, the upper part of the tubes condensing the steam, and 
the lower part cooling the condensate, which covers the latter 
by automatically maintaining the condensate in the feed-water 
heater at a suitable level ; and causing the condensate from the 
main condenser on its way to the hot well tank to pass first 
through the lower —_~- by-y of the feed-water heater and 
then through the upper tubes in contact with the heating steam. 


rovided with supporting 
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| a represents the turbine and b the main condenser from which 
| the condensate is pumped into the feed-water heater c by means 
of a centrifugal — d. The feed-water heater is supplied with 
| steam from a suitable stage in the turbine a through the pipe e. 
The heated feed water passes to the boiler or feed tank through 
| pipef. The pump d withdraws water from the main condenser 5 
| and ayy it through the cooling tubes of the heater c, 
| entering at the lowest and leaving from the uppermost. The 
| water in the lower portion of the heater is thereby cooled, and 
| the heating steam in the upper part is condensed while the feed 
| water is heated. In order to regulate the amount of water in 
the heater so that the desired amount of tubing may be unsub- 
merged and acted upon by the steam withdrawn from the turbine, 
a float g operating a valve is provided. When the level of the 
| water in the heater reaches a predetermined point, this float raise 
the valve from its seat and allows the surplus water to drain into 
| the condenser. (Accepted December 18, 1918.) 


121,313. R. S. Portham, London. Condensers and 
| Coolers. (2 Figs.) November 13, 1917.—This invention 
| relates to condensers or coolers of the evaporative type. 
| condenser or cooler, according to the present invention, comprises 
|a stationary heat-exchanging device having a distributing 
| chamber, a collecting chamber and radially-disposed tubes 
connecting said chambers, and rotating means mounted above 
said tubes for dreriching them with evaporative liquid, whereby 
each tube or group of tu is, in succession, intimately drenched 
with the (oe liquid, the period ween successive 
drenchings being such that the film of liquid on the surfaces 
of the tubes is allowed to evaporate before the next drenching 
occurs. heat exchanging device comprises tubes 3 dis 
between two concentric chambers 4 and 5, the outer one 5 being 
of annular form. The axes of the chambers are vertical, the 
tubes 3 being substantially horizontal and preferably straight 
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and radially d . Exhaust steam from the prime mover 
enters the chamber 4 at the lower end and passes the 
tubes 3 to the chamber 5, which is connected by the pipe 6 to a 
pump and/or ejector. Mounted above the heat-e 
device so as to rotate is a distributing device comprising two 
radially disposed arms 7 having a plurality of . The 
radial arms are connected to a funnel 10, to which evaporative 
liquid is supplied by the pipe 11. The distributor is rotated by 
the chain wheel 13. The tubes 8 are thoroughly wetted by 
evaporative liquid flowing from the arms 7. Air, either pre- 
or otherwise, is led preferably upwardly and between the 
tubes 3, and may be caused to flow by means of the fan 16 
arranged in the uptake 17 and driven by gearing 18. (Accepted 
December 30, 1918.) 





